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An  experimental  investigation  of  the  performance  of  an  Air  Cushion  Landing 
System  tAGLS)  on  a  o»ie-toi.t,h  scale  “model  of  a  CC-115  Canadian  aircraft  is  discussed,, 
Several  different  types  of  tests  Here oonduoted  on  an  extended  version  01  the  AOLS 
trunk  at  simulated  full-scale  trunk  pressures  of  315  psfg,  out  of  ground  effect, 
and  342  psfg,  in  ground  effect.  Cushion  pressure  was  160  psig,  in  ground  effect 
during  hover.  The  experiments  involved  1  vertical,  drop  tests  to  measure  the  effects 
of  sink  rate  and  initial  attitude  between  full-scale  sink  rates  of  3.0  and  12,5  fpa, 
and  attitudes  of  pitch  and  roll  from  0,0  to  12.0  and  0,0  to  7,5  degrees,  respectively! 
statio  equilibrium  tests  to  measure  vertical  stiffness,  roll  stiffness,  pitch  stiff- 
nan  j,  and  floor  pressure  exerted  by  the  A^LS  with  loads  up  to  4,1  times  the  aircraft 
landing  weight|  and  braking  tests  to  obtain  the  effects  of  changing  brake  pillow 
thickness  between  simulated  full-scale  heights  of  0,0  inches  and  26,0  inches. 

The  results  of  the  vertical  drop  tests  revealed  that  the  air  cushion  Hill 
absorb  moat  of  the  landing  impact  load  except  at  initial  attitudes  of  12,0  degrees 
pitch,  where  the  aircraft  fuselage  could  touch  the  ground.  Vertical  stiffness 
tost  results  shoved  the  extended  version  of  the  ACLS  trunk  to  be  39#  stiffer  than 
a  previous  shorter  version  between  vertical  load  raiigeu  of  0,5  and  1,9  times  the 
aircraft  landing  weight.  Floor  pressure  teats  verified  that  the  ACLS  aircraft 
could  land  on  low  strength  runways  and  never  exert  pressures  higher  than  3,w  psi 
above  the  atmospheric,  full  scale.  Braking  tests  concluded  that  the  maximum  decelera* 
tlou  of  the  aircraft  was  about  0,34  g,  and  that  increasing  pillow  thickness  above 
10,8  inches,  full  scale,  would  not  increase  that  de<v»i«.~>tion  rate. 
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ABSTRACT 

An  experimental  investigation  of  the  performance  of  an  Air 
Cushion  Landing  System  (ACLS)  on  a  one-tenth  scale  model  of  a  CC-115 
Canadian  aircraft  is  discussed.  Several  different  types  of  tests  were 
conducted  on  an  extended  version  of  the  ACLS  trunk  at  simulated  full- 
scale  trunk  pressures  of  315  psfg,  out  of  ground  effect*  and  342  psfg, 

In  ground  effect.  Cushion  pressure  was  160  psfg,  in  ground  effect, 
during  hover.  The  experiments  involved;  vertical  drop  tests  to  measure 
the  effects  of  sink  rate  arid  Initial  attitude  between  full-scale  sink 
rates  of  3.0  and  12.5  fps,  aid  attitudes  of  pitch  and  roll  from  0.0  to 
12.0  and  0.0  to  7.5  degrees,  respectively;  static  equilibrium  tests  to 
measure  vertical  stiffness,  roll  stiffness,  pitch  stiffness,  and  floor 
pressure  exerted  by  the  ACLS  with  loads  up  to  4.1  times  the  aircraft 
landing  weight;  and  braking  tests  to  obtain  the  effects  of  changing 
brake  pillow  thickness  between  simulated  full-scale  heights  of  0.0 
Inches  and  26.0  Inches. 

The  results  of  the  vertical  drop  tests  revealed  that  the  air 
cushion  will  absorb  most  of  the  landing  impact  load  except  at  initial 
attitudes  of  12.0  degrees  pitch,  where  the  aircraft  fuselage  could 
touch  the  ground.  Vertical  stiffness  test  results  showed  the  extended 
version  of  the  ACLS  trunk  to  be  39X  stiffer  than  a  previous  shorter 
version  between  vertical  load  ranges  of  0.5  and  1.9  times  the  aircraft 
landing  weight,  floor  pressure  tests  verified  that  the  ACLS  aircraft 
could  land  on  Mw  strength  runway*  and  never  exert  pressures  higher  than 


3.8  psi  above  the  atmospheric,  full  scale.  Braking  tests  concluded  t 
maximum  deceleration  of  the  aircraft  was  about  0.34  g,  and  that  incret  ing 
pillow  thickness  above  10.8  inches,  full  scale,  would  not  increase  that 
deceleration  rate. 


$2£'. 
*.  •• 


;g?« " 


I.  Introduction  .  1 

Background . . .  1 

Definition  of  Terms . 5 

Purpose . . .  9 

Scope  . . 10 

II.  Apparatus . 13 

Introduction . 13 

One-Tenth  Scale  Model . . .  13 

Cushion  and  Trunk  Pressure  Manometers .  Stroboscope, 

Barometer .  17 

Testing  Platform  .  17 

III.  Drop  Tests .  18 

Purpose .  18 

Equipment  and  Procedures  (IGE  and  OGE)  .  19 

General  Results  of  All  Drop  Tests  .  20 

Results  of  IGE  (In  Ground  Effect)  Drop  Tests  .  26 

.  Effects  of  Sink  Rate  on  Peak  Pressures  and 

Loads  at  the  Center  of  Gravity  .  27 

Effects  of  Attitude  on  Trunk  and  Cushion  Pressures.  31 

Combined  Dynamic  Responses  of  Trunk  Pressure, 

Cushion  Pressure,  and  Center-of-Gravlty  Loads.  .  35 

Results  of  OGE  (Out  of  Ground  Effect)  Drop  Tests  ...  43 

IV.  Static  Tests  . .  48 

Introduction  .  48 

Vertical  Stiffness  .  48 

Procedure  and  Equipment  ....  .  48 

Load  Over  Center  of  Pressure,  OGE  and  IGE  ....  .  49 


r. 


V 


Contents 


Page 


Effects  of  Shifting  Load  from  C.P.  to  C.6.,  OGE  .  .  5S 

Roll  Stiffness .  62 

Pitch  Stiffness .  64 

Pressure  Footprint  .  .....  66 

V.  Static  Braking  Tests . .  77 

Introduction  . . 77 

Equipment  and  Procedures  .  77 

Results . 80 

VI.  Conclusions  and  Recommendations  .  39 

Conclusions .  85 

Recommendations . 90 

Bibliography . . .  91 

Appendix  A:  Determination  of  Model  Similarity  and  Equipment 

Installation  .  92 

Appendix  B:  Equipment,  Procedures,  and  Data  Reduction  for  Drop 

Tests  (OGE  and  I6E) .  100 

Appendix  C;  IGE  and  OGE  Drop  Ter::-  ;>.ta .  113 

Appendix  D:  Static  Test  Pro..  -a  Reduction  .  130 

Appendix  E:  Braking  Tests  jdure,  and  Data 

Reduction  .  .  .  . .  139 


vi 


hjdifctiL-iun^uli.v 


LI  t  of  Figures 


Figure  Page 

1  ACLS  Components .  2 

2  Location  of  C.P .  0 

3  Sense  of  Roll  and  Pilch  Angles  .  8 

4  Cushion  Area . ,9 

5  Tenth-Scale  Model  of  CC-115  .  .  .  . .  14 

6  Motor  Power  Supply  ...........  .  16 

7  Monel  Supporc  for  'Vop  Test  . .  21 

8  Drop  Height  Measurement  ....  .  21 

9  Typical  Drop  Test,  12. S  fps,  6  »  3.0,  $  --7.5,  IGE  .  .  23 

10  Effects  of  Sink  Rate  on  Peak  Conditions,  e  »  0.0, 

4  "  u.O .  28 

11  Effects  of  Si.ik  Rate  on  Peak  Conditions,  0  ■  0.0, 

4>  •  “7.5 .  28 

12  Effects  of  Sink  Rate  on  Peak  Conditions,  6  »  6.0, 

*•0.0..  29 

13  Effects  of  Sink  Rat?  on  Peak  Conditions,  e  ■  6.0, 

4  •  -7.5 . 29 

14  Effects  of  Sink  Rate  on  Peak  Conditions,  6  -  12.0, 

4-  ■  0.0 . 30 

lb  Effects  of  Sink  Rate  on  Peak  Conditions,  e  •  12.0, 

*  ■  -7.5 .  30 

16  Effects  ot  Attitude  on  Trunk  Pressure  .  32 

17  Effects  of  Attitude  on  Cushion  Pressure  .  .  34 

18  IQE  Dynamic  Responses  of  ACLS,  0  -  0.0,  *  •  O.C  .  .  .  37 

19  lut  Dynamic  Responses  of  ACLS,  O  *  0.0,  $  »  -7.5  ...  jq 

20  IQE  Dynamic  Responses  of  ACLS,  0  «  6.0,  *  *  0.0  ...  .  39 


vii 


List  of  Figures 


figure 

21  IGE  Dynamic  Responses  of  ACLS,  8  =  6.0,  <j>  =  -7.5  .  .  . 

22  IGE  Dynamic  Responses  of  ACLS,  e  =  12.0,  <p  =  0.0  .  .  . 

23  IGE  Dynamic  Responses  of  ACLS,  8  =  12.0,  <j>  =  -7.5.  .  . 

24  OGE  Dynamic  Responses  of  ACLS,  9  =  0,0,  41  =  0.0.  .  .  . 

25  Effects  of  Load  on  ACLS  Deflection  (O^E  and  IGE)  .  .  . 

26  Area  of  Trunk  Contact  Due  to  ACLS  Deflection  (OGE  and 

IGE) . .  . . 

27  Variation  of  Trunk  Pressures  with  Area  of  Trunk 

Contact  (OGE  and  IGE)  . 

28  Percentage  of  Total  Load  Supported  by  Trunk  (OGE  and 

IGE)  .  . 

29  Variation  of  Cushion  and  Ttjnk  Pressure  with  Load 

(OGE  and  IGE)  . 

30  Variation  of  Pressure  Ratio  (Pr/PT)  with  Load  (OGE  and 

IGE) . .  . . 

il  Load  Deflection  for  C.P.  and  C.G.  Loading  . 

32  Pitch  Angle  Due  to  Load  Over  C.G . 

33  Area  of  Trunk  Contact  Due  to  C.G.  Deflection  . 

34  Variation  of  Trunk  Pressure  with  Area  of  Trunk 

Contact  (Load  Over  C.G.  and  C.P.)  . 

35  Percentage  of  Total  Loa>’  Supported  by  the  Trunk  .  .  .  . 

36  Variation  of  Trunk  Pressure  and  Cushion  Pressure 

With  Load  Over  C.G.  and  C.P . 

37  Variation  of  Pressure  Ratio  (Pr/PT)  with  Load  Over  C.G. 

and  C.P . V  . . 

38  Roll  Stiffness  . 

39  Pitch  Stiffness  . 

40  Pressure  Footprint  Plate  . 

41  Pressure  Footprint,  5  Lbs  Load  on  ACLS . 

viii 


Paye 

40 

41 

42 
45 
50 

52 

54 

54 

56 

56 

58 

59 

60 

60 

61 

63 

63 

65 

67 

69 

71 


Figure 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 
61 
62 

63 

64 

65 


List  of  Figures 

Pressure  Footprint,  39,1  lbs  Load  on  ACL 5  . 

Pressure  Footprint,  59  lbs  Load  on  ACLS  . 

Pressure  Footprint,  80  lbs  Load  on  ACLS  . 

Pressure  Footprint,  100  lbs  Load  on  ACLS  . 

Pressure  Footprint,  120  lbs  Load  on  ACLS  . 

Pressure  Footprint,  140  lbs  Load  on  ACI  S . 

Pressure  Footprint,  160  lbs  Load  on  ACLS  . 

Shape  of  Trunk  Contact  Area  . 

Brake  Pillows . . . 

Forward  Brake  Tilting  . 

Forward  Brakes  Modification  . 

Variation  of  Trunk  anil  Cushion  Pressures  with  Broke 
Height  . 

Variation  of  Static  Brake  Drag  with  Brake  Height  .  .  . 

Deceleration  Due  to  Brake  Height  . 

Starboard  View  of  Brakes,  2.60  inches  .  .  . 

Starboard  View  of  Brakes,  2.08  Inches  . 

Starboard  View  of  Brakes,  1.56  inches  . 

Starboard  View  of  brakes,  1.08  Inches  . 

Starboard  View  of  Brakes,  0.57  Inches  ......... 

Trunk  Specifications  of  Tenth-Scale  Model  . 

Measuring  Devices  Installation  ....  . 

Center  of  Gravity  Adjustment  . 

Model  Positions  for  Moment  of  Inertia  Determination  .  . 

Electronic  Signal  Path . .  .  .  .  . 


Jlx. 


Page 

71 


-  '*» 
t  K 


n 

n 

73 

74 
74 
76 
70 
00 


PI 


82 

84 

85 
06 

86 
87 
87 
87 
93 
95 
56 
98 

100 


\  or. 


Figure 

66  Mode!  Support  ami  Gable  At tachment  . 

67  Camera  Positions . .  . . 

U\  trunk  Vent.  Moles  .  , . 

69  Pitch  And  Roll  Adjustment . 

/()  Combined  Roll  And  Pitch  Adjustment . 

71  061;  Dynamic  Responses  of  ACLS,  o  b  0.0,  *  -7 .5 

72  OGt;  Dynamic  Responses  ot  ACLS.  n  *  6.0,  <}<  *  0,0  . 

70  OGt!  Dynamic  Responses  or  ACi.S,  0  *  6.0,  $  *  -7.6 

74  OGh  Dynamic  Responses  of  AClS,  0  »  U\0,  4*  -  0.0 

75  OGi'  Dynamic  Responses  of  ACI.S,  0  «  1^.0,  «p  u  -7.5 

76  I  ocul  Application . .  .  , 

77  Roll  Torque  Application . 

70  Roll  Angle  Measurement  . 

79  Pitch  Torque  Application  . . 

00  Pressure  Footprint  Tubing  In-  illation  . 

81  Scanivolve  Operation  Schematic  . 

82  Brake  Pillow  Locations  on  Tenth-Scale  Trunk  .  .  . 

83  Pulling  Model  for  Brake  Dray  . 


X 


Tuliltt 


UJtLM  JlkUf 


t 

1/10  scaling 

'arttmeters  .  , 

« 

*  i  «  »  * 

1  t  t 

iiit 

7 

11 

a: « 

IIS  Full  "Settle  Design  Parameters  .  ,  . 

«  » 

11 

m 

Com 

1 uon  of 

Long 

and  Short, 

Trunk  Peak  Values, 

1/10 

bc« 

le  Model , 

IGF  Design  Mode 

• 

.  .  . 

46 

IV 

uu; 

Drop 

Test 

Data , 

11,0  fps 

o 

*»  O.Q,  f 

*  0.0 

114 

V 

m 

Drop 

Test 

Data , 

11.0  fps 

o 

®  0.0,  * 

»  « 7 , 6 

114 

VI 

IGF 

Drop 

Test, 

Dot « , 

11.0  fps 

0 

**  6.0,  4* 

-  0,0 

m 

VI J 

ll»t 

Drop 

Test 

Data , 

11.0  fps 

0 

H  6.0,  4- 

-  -7.8 

116 

VIII 

IGF 

Drop 

Test 

Data, 

11.0  fps 

0 

•  12.0,  4> 

»  0.0 

lit- 

IX 

IGF 

Drop 

Test. 

Data , 

11.0  fps 

0 

-  12.0,  4> 

-  -7.5 

lit- 

X 

kit 

Drop 

Test 

Data , 

U.O  fps, 

0  * 

0.0,  4-  «■ 

0,0  . 

117 

XI 

IGE 

Drop 

Tost, 

Da  ta , 

0.0  fps, 

0  “ 

0.0,  » 

-7.5 

117 

XII 

IGF 

Drop 

lest 

Data , 

8.0  Fps, 

0  * 

6.0,  4"  * 

0.0  . 

118 

xin 

IGF 

Drop 

lost. 

Data , 

a.o  fps, 

0  “ 

6,0,  ({1  " 

-7.5 

118 

XIV 

IGF 

Drop 

Tost 

Data  , 

0.0  fps, 

0  » 

12.0,  * 

“  0.0 

119 

XV 

IGF 

Drop 

Test 

Data , 

8.0  fps, 

0  ■ 

12.0,  4) 

-  -7.5 

119 

XVI 

IGE 

Drop 

Tost 

Data , 

5.0  fps, 

0  u 

0.0,  4-  «* 

0.0  . 

120 

xv  n 

IGF 

Drop 

Test 

Data, 

5.0  fps, 

0  “ 

12.0,  4- 

»  0,0 

120 

XVIII 

IGF 

Oj'op 

Test 

Data , 

3.0  fps, 

e  « 

0.0,  4>  * 

0.0  . 

121 

XIX 

IGE 

Drop 

Test 

Data, 

3.0  fps, 

o  - 

0.0,  (j>  « 

12.0 

121 

XX 

OGE 

Drop 

Test 

Data, 

8.0  fps . 

o  « 

0.0,  (j)  n 

0.0  . 

127 

XXI 

OGF 

Drop 

Test 

Data, 

8.0  fps, 

G  ® 

0.0,  4>  * 

-7.5 

127 

XXII 

OGF 

Drop 

Test 

Data, 

8.0  fps, 

o  ■* 

6.0,  4>  ■ 

U.O  . 

l  *  *  * 

128 

UiOLJ 

Ukl&j. 

lablfc 

h<ga 

XXII  l 

oak 

Drop 

Tttst 

l)i>V<l , 

8.0 

fp;;, 

0  *  6.0,  *  -7.6  .  .  . 

12a 

XXIV 

oa  t 

0  row 

Test 

Data* 

0.0 

fps* 

0  «  12. o,  0  «  0,0  ,  .  . 

129 

XXV 

QGE 

Drop 

Test 

Data, 

8.0 

fps, 

0  **  12.0,  4>  ■  -7.6  .  .  . 

129 

xii 


L'!.\l  f-JAiVK  WAV  /ltirt 


rfMT L'rtKvWm 


“  ■ , - »\TTT  J  riri-.i-'i 


Symbol 
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A 

A 


C 


0 


A 


T 

f 


c.g. 


c.p. 


D 

d 

F 


M 

OGE 


Area  of  cushion 
Braking  deceleration 
Area  of  trunk  contact 
Center  of  gravity 
ACLS  center  of  pressure 
Deflection  of  ACLS 
Drop  height 
Brake  drag 

Load  on  brake  blocks 

Load  at  model  center  of  gravity 

Ground  tangent  line 

Gravity  acceleration  constant  (32,2  ft/sec2) 

Height  of  center  of  gravity  above  floor 

Moment  of  inertia 

In  ground  effect 

Trunk  length 

Pitch  torque  load 

Roll  torque  load 

Length  from  pivot  point  to  model  center 
of  gravity 

Mass 

Out  of  ground  effect 
Cushion  pressure 


Unit 

ft2 

ge's 

ft2 

inches 

inches 

pounds 

pounds 

g-lcad 

inches 

slug-ft2 
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pounds 

pounds 

inches 

slugs 
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Coefficient  of  static  friction 

- 

e 

Pitch  angle 

degrees 
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DROP  AND  STATIC  TESTS  ON  A  TENTH-SCALE  MODEL 
OF  AN  AIR  CUSHION  LANDING-SYSTEM  (ACLS) 

I.  Introduction 


Background 

The  Air  Cushion  Landing  System  (ACLS)  Project  is  a  development 
program  being  conducted  by  joint  cooperation  between  the  Air  Force  Flight 
Dynamics  I  ahnrat^ry  at  Wright-Patterson  AFB,  Ohio,  and  the  Canadian 
government.  The  system  eliminates  the  need  for  a  conventional  landing 
gear  by  replacing  it  with  a  cushion  of  air  directly  beneath  the  fuselage 
of  the  aircraft.  The  cushion  supports  the  weight  of  the  aircraft  during 
takeoff,  landing,  and  taxiing.  Since  this  cushion  supports  the  weight 
of  the  aircraft  over  a  large  area,  the  pressure  on  the  landing  surface 
is  low  (1-4  psi  above  atmospheric  pressure).  Thus  ACLS  allows  large 
aircraft  to  land  on  snow,  tundra,  and  other  unprepared  types  of  runways. 
In  addition,  the  ACLS  provides  a  weight  savings  compared  to  the  conven¬ 
tional  landing  gear  as  that  on  the  C-5. 

The  cushion  of  air-  is  formed  through  the  use  of  an  elongated 
doughnut-shaped  trunk,  which  is  physically  attached  to  the  bottom  of  the 
aircraft  fuselage  (see  Fig.  1).  Air  is  supplied  to  the  trunk  from  a 
source  on  the  aircraft,  and  it  flows  from  the  trunk  through  hundreds  of 
tiny  holes  on  the  bottom  of  the  trunk.  The  air  from  these  holes  forms 
a  continuous  jet  curtain  around  the  periphery  of  the  trunk.  The  curtain 
thus  acts  as  a  seal  against  air  escaping  from  the  cushion  rt  on  and 
secures  a  pressure  of  1  to  4  psi  above  atmospheric  under  the  fuselage, 
and  this  pressure,  or  air  cushion,  supports  the  entire  weight  of  the 


1 

.  .  - - -»*v\ 


aircraft  as  It  approaches  the  ground.  The  trunk  is  constructed  of  rubber 
and  nylon  and  stretches  approximately  300%  from  an  uninflated  state  in 
order  to  be  in  the  proper  landing  mode.  During  flight,  the  trunk  is 
deflated  and  hugs  the  fuselage  of  the  aircraft  (Ref  2:7). 

Braking  is  performed  by  pressing  a  braking  material  against  the 
ground.  The  braking  material  is  secured  to  each  of  six  pillows  which  are 
attached  to  the  bottom  of  the  trunk  as  shown  in  Fig.  1.  When  braking  is 
desired  the  pillows  are  inflated,  and  this  presses  the  braking  material 
against  the  landing  surface  and  raises  that  portion  of  the  trunk  to  which 
the  brakes  are  attached  above  the  surface.  As  the  trunk  is  raised,  the 
jet  curtain  is  broken,  allowing  cushion  pressure  to  decrease  and  placing 
part  of  the  aircraft  weight  on  the  brakes  Instead  of  the  air  cushion. 
Steering  is  accomplished  through  the  use  of  differential  braking  as  is 
done  on  a  caterpillar  tractor.  Right  brakes  are  applied  to  turn  right 
and  the  left  to  turn  left  (Ref  2:7), 

Present  program  development  is  being  geared  to  a  full-scale  flight 
test  of  the  ACIS  on  a  deHavilland  CC-115  Canadian  aircraft  (C-S  Buffalo 
Is  the  U.S.  version  of  the  aircraft).  As  such,  all  recent  testing  of  the 
system  has  been  done  using  scaled  models  of  this  aircraft  with  ACLS 
attached.  Some  of  the  tests  have  been  accomplished  by  the  Air  Force 
Flight  Dynamics  Laboratory  (AFFDL)  at  Wright-Patterson  AFB,  Ohio,  on  a 
quarter-scale  model  of  the  CC-115  and  other  tests  by  Bell  Aerospace 
Company  of  Buffalo,  New  York,  on  a  tenth-scale  model  of  the  CC-115. 

Model  testing  of  the  system  Is  required  to  help  substantiate  design. 
Theoretical  prediction  of  ACLS  functions  is  difficult;  since  operation 
of  the  system  Involves  many  Interacting  events  such  as  trunk  deflections, 
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transient  increases  in  cushion  and  trunk  pressure,  variations  in  back 
pressure,  and  forward  and  reverse  flow  through  the  air  supply  equipment 
of  the  system  (Ref  3:1). 

The  quarter-scale  tests  conducted  by  AFFDL  involved  vertical  drop 
tests  which  determined  the  effects  of  vertical  velocity  and  attitude 
during  a  landing  with  the  ACLS  and  vertical  static  load  deflection  tests 
of  the  system.  The  model  was  dropped  simulating  sink  rates  of  9,  11, 
and  12.5  fps  and  at  various  attitudes  of  pitch  up  to  10  degrees  and  roll 
of  0.0  and  +7.5  degrees.  Static  loading  of  the  model  was  accomplished  up 
to  twice  the  weight  of  the  model  to  obtain  static  stiffness  (Ref  3 : i 1 ) . 

Some  of  the  tenth-scale  tests  accomplished  by  the  Bell  Aerospace 
Company  also  involved  drop  tests  and  static  stiffness  tests  of  the  model. 
These  drop  tests  were  conducted  at  sink  rates  from  5  fps  to  12.7  fps  with 
various  attitudes  of  pitch  up  to  8.5  degrees  and  roll  up  to  6.2  degrees. 
The  model  was  statically  loaded  up  to  1.5  times  its  weight  (Ref  1:362). 

The  AFFDL  tests  were  accomplished  at  a  different  full-scale  center 
of  gravity  location  than  the  Bell  tests,  but  both  series  of  tests  were 
done  with  a  shorter  version  of  the  trunk  than  is  being  presently  proposed, 
ihe  full-scale  difference  in  1  eng ,  j  between  the  two  trunks  is  17.5  inches. 
The  Bell  Aerospace  Company  did  perform  forward  velocity  tests  on  the 
longer  trunk,  but  these  tests  will  not  concern  this  report.  In  addition, 
AFFDL  drop  tests  were  accomplished  at  a  different  design  trunk  pressure 
than  the  Bell  tests. 

This  study  was  conducted  to  gather  more  data  on  the  ACLS  and 
particularly  on  the  longer  version  of  the  trunk.  The  tests  of  this 
report  involve  only  the  long  trunk,  and  the  drop  and  vertical  static 
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stiffness  tests  of  this  report  will  be  compared  to  similar  tests  done  by 
Bell  and  AFFDL  to  show  differences  between  long  and  short  trunk  responses. 

Definition  of  Terms 

The  following  are  certain  terms  and  phrases  that  will  be  used 
throughout  the  remainder  of  this  report: 

1.  Cushion  Pressure  P^.  Pressure  of  the  air  within  the  cavity 
created  by  the  fuselage,  ground,  and  the  doughnut-shaped  trunk.  In  a 
hover  near  the  ground  or  taxiing  condition,  the  cushion  pressure  is  the 
pressure  supporting  the  weight  of  the  aircraft.  The  design  cushion  pres¬ 
sure  is  determined  from  the  fact  that  a  certain  pressure  is  required  to 
support  the  weight  of  the  aircraft  in  a  hover  condition.  The  design 
cushion  pressure  of  the  model  was  found  to  be  16  psfg. 

2.  Trunk  Pressure  Py.  Pressure  of  the  air  contained  within  the 
doughnut-shaped  bag  or  trunk.  This  pressure  keeps  the  bag  inflated  to 
desired  design  conditions  and  provides  the  desired  velocity  of  the  tiny 
jets  Issuing  from  the  numerous  holes.  Air  for  trunk  pressure  is  supplied 
from  onboard  fans.  This  air  leaves  the  trunk  through  the  tiny  holes  on 
the  trunk  bottom  and  also  through  trunk  vent  holes  in  the  cushion  cavity. 
These  vents  supply  air  to  the  cushion.  Thus,  to  maintain  a  specific 
cushion  pressure,  a  certain  trunk  pressure  Is  required.  The  trunk 
pressure  is  adjusted  by  covering  or  uncovering  the  vent  holes. 

3.  Out  of  Ground  Effect  OGE.  This  Is  a  design  point  for  the 
system.  In  model  testing  under  this  condition,  the  model  is  raised  above 
the  ground  until  cushion  pressure  Is  0.0  psfg.  At  that  point  the  design 
trunk  pressure  is  obtained  by  covering  or  uncovering  trunk  air  vent  holes 
located  in  the  cushion  cavity. 


4.  Tn  Ground  Effect  I6E.  This  is  another  design  point  for  the 
system.  For  this  case,  in  model  testing,  the  model  is  left  in  its  hove* 
condition  on  the  ground  with  full  weight  of  the  model  being  supported  by 
cushion  pressure.  While  in  this  condition,  the  design  trunk  pressure  Is 
again  obtained  by  adjusting  trunk  air  vent  holes  in  the  cushion  cavity. 

5.  Center  of  Pressure  C.P.  This  point  is  the  geometric  center 
of  the  ACLS  consisting  of  the 
trunk  or  bag  and  cushion  (see 
Fig.  2).  It  is  the  point  where 
the  resultant  force  generated  by 
the  ACLS  is  located.  On  the  air¬ 
craft  the  c.p.  is  forward  of  the 
center  of  gravity. 

6.  Scaling  Parameters.  These  parameters  are  factors  used  to  obtain 
full-scale  values  from  scale  model  results.  The  scaling  parameters  have 
been  previously  determined  using  a  dimensional  analysis  based  on  a 
constant  Froude  number  of  air  flow  beneath  the  ACLS  and  a  constant  linear 
acceleration  of  the  aircraft  (Ref  3:5).  In  this  report  all  values  given 
will  be  the  actual  'alues  obtained  from  a  1/10-scale  model  of  the  CC -11 5 
aircraft,  unless  otherwise  specified  as  full-scale  values.  Table  I  shows 
the  terms  applicable  to  this  report  and  the  necessary  multiplying  factor 
needed  to  obtain  full-scale  values  from  1/10-scale  terms. 

7.  g-Load .  A  1  g-load  in  the  vertical  direction  corresponds  to  a 
force  equal  to  the  weight  of  the  aircraft.  The  g-load  does  not  directly 
refer  to  the  acceleration  of  the  model.  To  obtain  acceleration  ^n  terms 

of  ge*32.2  ft/sec2,  1  g  should  be  subtracted  from  the  value  of  the  g-load. 


Fig.  2.  Location  of  C.P. 


6 


-its’  ”  xnrw >**n'T*  :t  < v  -y.y-v  -'fi^rr-rr/yf  -zrrrri  i vr'.'^vrita^  w!>w>  r : .riTrrcwvr*:  >  ■  vt:  Ly.v-> ■rjm  'rr'^rm  ’/rrrur^an vT-”_lwr x •! .71^ tsj5»»  ’•71  ■-  'v>^>y.T  ,»-.-y»»'*csr .  ■  *  w^»L^y  n^wra'iiwit  » ■■>-■.  7  ;  1  «.• 


TABLE  I 

1/10  Scaling  Parameters 


Term 

Model  Value 

Scale  Factor 

Full-Scale  Value 

Acceleration,  linear 

a 

1 

a 

Area 

A 

102 

102A 

Density 

P 

1 

P 

Force 

F 

103 

103F 

Length 

L 

10 

1  CL 

Mass 

M 

103 

103M 

Moment  of  Inertia 

I 

105 

1051 

Pitch 

6 

1 

e 

Pressure 

P 

10 

1  OF 

Pressure  Ratio 

fV?2 

1 

P1/P2 

Roll 

<t> 

1 

<, t> 

Sink  Rate  or  Velocity 

vt 

101'2 

10U2vt 

Time 

t 

101/Z 

10lx2t 

Volume 

V 

103 

103V 

V;ftv\;ht 

w 

103 

10:,W 

(Frcm  ,^ef  3:6) 
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Thus  an  object  at  rest  on  the  floor  is  at  a  +1  g-load  condition  and  0  ge 
acceleration  in  the  vertical  direction.  A  +1  g-load  points  up  and  away 
from  the  floor,  and  is  the  floor's  reaction  to  model  weight. 

8 .  Pitch  and  Pol  1  Direc¬ 
tions.  When  referring  to  pitch 
and  roll  angles,  the  sense  of 
angle  rotation  will  be  repre¬ 
sented  by  the  sign  of  the  angle 
as  shown  in  Fig.  3. 

9.  Load  on  the  ACLS.  This 
load  consists  of  all  the  force  acting  on  the  ACLS  including  the  weight  of 
the  model.  Thus  a  load  on  the  ACLS  of  MO  pounds  consists  of  3°. 1  pounds 
of  model  /eight  and  100.9  pounds  of  additional  load  on  the  model. 

10.  Static  Stiffness.  This  is  a  measure  of  the  rig’dity  of  the 
ACLS  trunk  and  cushion  under  vertical  and  moment  loading  conditions. 
Vertical,  or  level,  static  stiffness  measures  the  rigidity  under  downward 
loads  on  the  ACLS,  while  pitch  and  rol ■  stiffness  measures  rigidity  under 
moments  about  the  center  of  gravity  in  the  roll  arid  pitch  planes 

11.  Area  of  Trunk  Contact.  When  loads  much  above  1  g-luad  are 
felt  by  the  ACLS,  the  trunk  shape  near  he  ground  tangent  deviates  from 
its  rounded  shape  and  begins  to  flatten.  Ihe  trunk  does  not  make  surface- 
to-surface  contact  with  the  floor,  but  the  trunk  is  flattened  by  the 
pressure  between  it  and  the  floor.  Thus,  area  of  trunk  contact  is  the 
amount  of  area  of  the  trunk  that  is  flattened  under  load. 

12.  Cushion  Area.  The  cushion  pressure  is  eserted  on  a  cushion 
area  which  Is  the  area  inside  the  normal  trunk  ground  tangent  line 
(see  Fig.  4).  The  area  under  B  is  constant  while  that  under  A  arid  C 


STARBOARD 


JoV 


PORT 


G — G> 

ROLL 


FWD 


An 

_  I 

~ _ j 


PITCH 


Fig.  3.  Sense  of  Ho  1 i  and  Pitch  Angles 
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depends  on  thrt  amount  of  bag  de¬ 
flection  and  the  value  of  cushion 
pressure  during  loading.  The 
change  In  A  and  C  has  been  found 
tobeminlmal  since  tha  trunk  tends 
to  flatten  outside  the  hover  ground 
tangent  line.  Therefore,  the  tests 
in  this  report  assume  a  constant 
area  for  A,  B,  C,  during  all  vertical  loads  above  model  weight. 

Purpose 

The  ACLS  is  a  rapidly  emerging  technology,  but  more  data  are 
needed  on  the  actual  operation  of  the  system  in  order  to  verify  design 
criteria  and  confirm  results  of  previous  testing.  Furthermore,  the 
extension  of  the  length  of  the  trunk  has  created  a  need  for  more  opera¬ 
tional  data  of  the  extended  trunk  system.  As  has  been  stated,  ar> 
analytical  or  computer  approach  to  obtain  this  desired  data  is  difficult 
due  to  the  many  interacting  phenomena.  Thus  scale  model  experimental 
testing  becomes  the  most  effective  method  of  gathering  good  data  on  the 
many  interacting  variables  of  cushion  pressure,  trunk  pressure,  bag 
deflection,  and  trunk  area  contact  of  the  ACLS.  In  that  light  the  pur¬ 
pose  of  this  study  was  to  experimentally  examine  the  following: 

1.  Effects  ct  vertical  velocity  and  attitude  of  the  aircraft  on 
the  ACLS  performance  during  landing,  In  terms  of  cushion 
pressure,  trunk  pressure,  and  g-load  at  c.g. 

2.  Static  stiffness  of  the  ACLS  in  level,  pitched,  and  rolled 
attitudes. 
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>l.  static  relationship*  4n  cukhlon  prouuro,  t.t uhk  pm*ut'«, 
load  on  Aircraft,  hag  m  t  Indian,  atut  area  of  t  runK  hOhfcact , 

4,  Infects  of  aircraft  loan  or  the  static  prr**ure  footprint  of 
th«  ACLS, 

i>,  fffecfcs  of  brake  pH  low  height  (thickness  of  brake  pillows 
from  the  bottom  o  the  trunk  to  the  contact  with  the  landing 
surface)  on  cushion  pressure,  trunk  pressure,  ami  braking 
deceleration. 

In  addition,  the  experimental  data  gathered  from  1,  above,  la 
compered  to  previous  tests  conducted  on  one-quarter  and  one- tenth  sesU' 
model  si  and  the  results  from  <!  (level  attitude  only)  and  't,  above,  are 
compared  t.o  previous  one-quarter  scale  model  tests,  Ihe  quarter-scale 
data  quoted  in  this  report  have  been  converted  from  quarter-scale  values 
to  tenth- scale  terms. 

All  previous  testing  similar  to  that  of  this  study  was  conducted 
usinq  a  trunk  shorter  in  length  than  that  being  presently  proposed.  The 
tests  of  this  study  differ  from  previous  testing  in  that  the  longer 
version  of  the  trunk  was  used  on  all  experiments. 

Scope 

A  one-tenth  scale  mociol  of  the  CC-llfi  Buffalo  aircraft  was  used 
to  conduct  these  tests.  The  model  was  dynamically  and  geometrically 
similar  to  the  full-scale  version  according  to  the  full-scale  design 
parameters  as  found  in  Table  II. 

The  effects  of  vertical  velocity  and  attitude  upon  landing  were 
determined  through  the  use  of  drop  tests.  Vertical  velocity  was  varied 
between  0.0  and  12.5  fps  (full-scale  value),  while  roll  and  pitch  ranges 
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CG-Ufi  Full-Scale  Design  Parameters 


landing  weight 
length  (none  to  tall} 
Ma v t muni  sink  speed 


Maximum  g-load 


Maximum  Unding  pitch  angle 
Maximum  landing  roll  angle 


Moments  of  Inertia 


Pitch 


Wing  span 


Trunk  pressure,  QGl 


Trunk  pressure,  IGE 


Cushion  area 


39*100  lbs 


>9  ft 


12. &  fps 
3.6  g 

12  degrees 
*  7.5  degrees 


200,700  slug- ft,2 
223,846  slug-ft* 


466,000  slug -ft* 


79  ft 


316  psfg 


342  psfg 


244  ft: 


were  0.0  to  -7.5  deyrm  and  0.0  to  12.0  degrees,  respectively.  Roll 
and  pitch  were  observed  alone  and  In  combination  with  each  other.  These 
drop  tests  were  conducted  at  two  different  initial  design  points  (full- 
scale  values)  of  the  ACLS: 

1GE ,  PT  ■  342  psfg 

i 

OGE,  PT  -  315  psfg 

Static  tests  in  vertical  stiffness,  ACLS  relationships,  and  pres¬ 
sure  footprints  were  examined  from  zero  load  on  the  ACLS  up  to  four 
times  maximum  landing  weight  of  the  aircraft.  This  range  exceeds  the 
maximum  g-load  of  the  aircraft  by  1/2  g.  The  loads  on  the  ACLS  were 
applied  as  follows  for  vertical  stiffness  arid  ACLS  relationships: 

1.  Load  over  c.p.--0GE  and  IGE  design  inodes.  The  load  over  the 
c.p.  was  in  addition  to  the  model  weight  acting  at  the  c.g. 

2.  Load  over  c.g,--0GE  design  mode. 

Pressure  footprint  was  examined  at  OGE  mode  with  load  over  the  c.g. 

Roll  stiffness  was  observed  from  0.0  inch-pounds  of  torque  to  46 
inch-pounds  of  torque,  while  pitch  stiffness  was  examined  from  -30.8 
foot-pounds  of  torque  to  20.2  foot-pounds  of  torque. 

Braking  tests  were  conducted  with  brake  heights  from  0.0  inches 
to  2,60  Inches. 

The  data  and  results  gathered  from  this  study  are  presented  in  the 
form  of  graphs  and  tables  in  this  report. 
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II.  Apparatus 


Introduction 

This  section  will  describe  only  that  apparatus  common  to  all  of 
the  tests.  This  equipment  consisted  of  the  one-tenth  scale  model, 
cushion  and  trunk  pressure  manometers,  stroboscope,  a  barometer,  and 
the  platform  used  to  conduct  the  testing.  Other  equipment  used  will 
be  described  with  the  section  to  which  that  equipment  is  peculiar. 

One-Tenth  Scale  Model 

The  model  used  for  these  tests  was  a  one-tenth  scale  model  of 
the  CC-115  Buffalo  aircraft  with  the  ACLS  installed.  Designed  and  built 
by  Bell  Aerospace  Company,  the  model  is  dynamically  and  geometrically 
similar  to  Its  full-scale  version.  Figure  5  shows  a  sketch  of  the  scale 
model  with  its  dimensions.  As  the  drawing  indicates,  the  model  is  94.8 
Inches  long  with  a  wingspan  of  115.2  inches.  It  is  made  of  lightweight 
materials  consisting  of  balsa  wood  bulkheads  and  stringers  with  a  molded 
fiber  gla.  s  skin  0.025  Inches  thick  (Ref  1:346).  The  original  horizontal 
stabilizer  provided  with  the  model  was  not  used.  It  was  necessary  to 
use  a  lighter  weight  tail  to  keep  the  model  center  of  gravity  in  the 
desired  location. 

The  trunk  attached  to  the  model  was  fabricated  from  an  unstretchable 
material  consisting  of  2-3/4  ounces  per  square  yard  polyurethane  coated 
nylon.  The  trunk  is  constructed  to  a  shape  associated  with  nominal  ACLS 
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operating  pressures  during  ground  taxiing,  and  it  is  mechanically 

attached  with  a  metal  strip  fastener  to  the  fuselage  of  the  model 

(Ref  1:350).  Nylon  tape  was  placed  over  the  metal  fastener  to  insure 

* 

no  leakage.  It  should  be  noted  that  the  full-scale  version  of  the 
trunk  consists  of  a  stretchable  material  instead  of  unstretchable  as 
was  used  in  these  tests.  A  stretchable  material  trunk  could  not  be 
used  since  material  is  not  presently  available  with  the  necessary  load- 
elongation  characteristics  (Ref  3:17). 

Air  is  supplied  to  the  trunk  by  two  lightweight  centrifugal  fans 
situated  in  the  forward  section  of  the  model  fuselage  (see  Fig.  5). 

These  fans  are  powered  by  a  1.4  horsepower  A.C.  electric  motor  (200  volts, 
3-phase,  400  cycles)  which  is  placed  aft  of  the  fans  (Ref  1:350).  The 
motor  was  electrically  powered  as  Indicated  by  Fig.  6.  Control  of  motor 
rpm  was  accomplished  at  the  rectifier  by  varying  output  voltage  of  the 
rectifier  to  the  Inverter.  Because  the  power  necessary  to  operate  the 
motor  was  not  directly  available,  the  apparatus  and  connections  shown 
schematically  by  Fig.  6  were  necessary.  Fan  performance  was  previously 
calibrated  and  adjusted  by  the  Bell  Aerospace  Company  to  simulate  640  to 
800  horsepower  per  fan,  which  is  the  horsepower  range  to  be  used  in  the 
full-scale  air  power  supply.  In  these  tests  only  the  640  horsepower  case, 
which  Is  simulated  by  a  fan  rpm  of  8600  was  used,  An  electric  cable  was  run 
from  the  aircraft  Inverter  to  the  motor  installed  in  the  fuselage  to  provide 
power  to  the  motor.  The  cable  was  so  suspended  as  to  not  add  weight  to 
the  model  or  affect  its  motion  during  testing.  Although  only  used  for 
drop  tests,  two  pressure  transducers  and  four  accelerometers  were  Installed 
within  the  fuselage  of  the  model  as  is  indicated  by  Fig.  5.  It  was 
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Fig.  6.  Motor  Power  Supply 


necessary  to  keep  this  equipment  in  the  model  for  all  tests  in  order  to 
maintain  the  desired  weight  and  center  of  gravity  location  of  the  model. 

The  model  was  fixed  at  a  weight  of  39.1  pounds  with  the  center  of 
gravity  located  as  shown  In  Fig.  5:  32.4  inches  aft  of  nose  In  the  x 

direction,  7.0  Inches  above  the  bottom  of  the  fuselage  hard  structure  In 
the  z  direction,  and  0.0  Inches  in  the  y  direction.  Moments  of  inertia 
of  this  model  were  found  to  be  2.71  slug  ft2  In  pitch,  4.55  slug  ft2  in 
yaw,  and  2.05  slug  ft2  in  roll.  Details  concerning  methods  of  checking 
model  similarity,  trunk  construction,  pressure  transducers,  and  acceler¬ 
ometers  are  contained  in  Appendix  A. 
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Cushion  and  Trunk  Pressure  Manometers , 

Stroboscope,  Barometer 

Before  conducting  each  test  the  desired  design  conditions  of 
trunk  pressure,  cushion  pressure,  and  tan  rpm  had  to  be  established. 

After  each  test,  atmospheric  temperature  and  pressure  were  checked. 

Cushion  pressure  and  trunk  pressure  were  obtained  using  water  manometers 
that  were  level ea  and  zeroed  before  each  test.  Fan  rpm  was  verified 
using  a  stroboscope.  Atmospheric  conditions  were  recorded  from  a  mercury 
filled  barometer  for  pressure  and  a  centigrade  thermometer  for  temperature. 
More  detail  on  this  equipment  Is  found  in  Appendix  B. 

Testing  Platform 

All  tests  were  conducted  In  Room  102,  Building  255,  Wrlght- 
Patterson  Air  Force  Base,  Ohio.  Within  this  room  was  a  wooden  platform 
122.0  Inc  long,  98.0  Inches  wide,  and  30.5  Inches  high,  on  which  the 
model  was  situated  for  all  testing. 
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III .  Drop  Tests 


Purpose 


Drop  tests  were  conducted  to  measure  the  effects  of  vertical 
velocity  and  attitude  of  the  aircraft  on  the  performance  of  the  Air 
Cushion  Landing  System  during  a  landing.  These  effects  were  observed 
in  the  reactions  of  cushion  pressure,  trunk  pressure,  and  g-loads  at 
the  center  of  gravity  of  the  model.  Tests  were  run  at  two  full-scale 
design  conditions:  trunk  pressure  at  342  psfg,  IGE,  and  trunk  pressure 
at  315  psfg,  OGE.  When  an  aircraft  with  the  ACLS  approaches  the  runway 
for  a  landing,  it  is  considered  in  an  OGE  condition,  and  trunk  pressure 
should  be  held  at  315  psfg.  When  the  CC-115  aircraft  is  IGE,  trunk 
pressure  trim  valves  are  automatically  opened.  Vent  holes  (Fig.  1)  are 
exposed  and  the  valves  adjust  to  keep  the  trunk  pressure  at  342  psfg. 

The  model  does  not  have  the  capability  to  change  pressures  as  it  approaches 
the  platform.  If  trunk  pressure  was  set  at  34  psfg,  IGE,  and  the  model 
was  raised  above  the  platform,  the  trunk  pressure  dropped  to  26  psfg. 

When  trunk  pressure  was  set  at  32  psfg,  OGE,  and  lowered  to  the  platform, 
trunk  pressure  rose  to  39  psfg.  It  was  thus  decided  to  run  tests  at  both 
design  points  to  cover  the  full  range  of  possible  pressures  during  an 
actual  landing.  The  AFFDl  quarter-scale  model  tests  were  run  IGE  while 
Bell  tenth-scale  model  tests  were  run  OGE.  Therefore,  the  model  was 
released  at  a  lower  than  normal  pressure  during  the  AFFDL  tests,  while 
the  model  bounced  at  a  higher  than  normal  pressure  during  the  Bell  tests. 
Conducting  tests  at  both  conditions  also  enabled  a  more  complete  comparison 
to  be  made  to  the  short  trunk  tests. 
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Equipment  and  Procedures  ( IGE  and  OGE) 

The  same  equipment  was  used  to  conduct  OGE  and  IGE  tests.  Two 
Statham  differential  pressure  transducers  were  mounted  in  the  model 
fuselage  to  measure  trunk  pressure  and  cushion  pressure  with  a  range  of 
±0.5  psi.  Four  Consolidated  Electrodynamics  Corporation  accelerometers 
with  ranges  of  +5  g's  were  used  to  measure  g-loads  or  accelerations  at 
the  nose,  port  nacelle,  center  of  gravity,  and  along  the  longitudinal 
axis  of  the  model.  Although  this  report  discusses  only  the  data  from 
the  c.g.  accelerometer,  the  data  from  the  other  accelerometers  were 
recorded  and  can  be  used  for  angular  acceleration  determination  in  pitch 
and  roll . 

The  signals  received  by  the  transducers  and  accelerometers  were 
fed  into  a  Bell  and  Howell  Datatape,  VR-3700B,  recorder  and  signal  con¬ 
ditioning  unit  from  which  the  data  were  simultaneously  sent  to  a  magnetic 
tape  and  a  Honeywell  Visicorder.  The  raw  data  were  received  at  the 
Honeywell  Visicorder  In  the  form  of  traces  on  photosensitive  paper. 

From  these  traces  the  final  data  were  reduced. 

A  detailed  description  and  location  of  pressure  transducers  and 
receiving  equipment  is  given  in  Appendix  B.  In  addition  to  the  above 
measuring  equipment,  two  high-speed  motion  picture  cameras  (500  frames 
per  second)  were  used  to  observe  model  reactions  during  a  drop. 

In  order  to  simulate  vertical  velocity  the  model  was  treated  much 
like  an  object  released  from  a  certain  height  and  allowed  to  fall  to  the 
ground  under  the  effects  of  gravity.  Assuming  no  drag  on  the  object, 
the  distance  through  which  it  falls  can  be  calculated  from 
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Thus  for  a  specific  terminal  velocity,  the  object  must  be  raised  to  a 
specific  height  and  released.  It  was  also  assumed  and  verified  that 
drag  on  the  model  was  negligible  during  a  drop.  Maximum  drop  height  was 
2.9  inches  which  simulated  a  full-scale  velocity  of  12.5  fps,  or  4.0  fps 
in  tenth-scale  terms. 

The  model  was  supported  above  the  platform  as  shown  in  the  photo¬ 
graph  in  Fig.  7.  rabies  and  pressure  tubing  to  the  model  were  suspended 
so  as  not  to  interfere  with  model  reactions  or  weight  during  and  after 
the  drop.  Orop  height  was  measured  from  the  lowest  point  on  the  inflated 
trunk  to  the  platform  by  means  of  a  wooden  spacer  bar  as  shown  in  the 
photograph  in  Fig.  8.  As  such,  the  model  attained  the  desired  sink  rate 
as  soon  as  the  trunk  touched  the  ground.  Iriefly,  a  test  run  consisted 
of  adjusting  trunk  pressure  to  desired  design  condition,  adjusting  model 
attitude  to  desired  pitch  and  roll,  placing  model  at  desired  drop  height, 
turning  on  recording  equipment  and  movie  cameras,  and  releasing  model 
from  Its  support. 

Specific  details  on  the  test  drop  procedures  and  data  reduction 
are  explained  in  Appendix  8. 

General  Results  of  All  Drop  Tests 

A  drop  test  involved  some  key  events  which  can  be  defined  as 
follows: 

Release--the  Instant  the  model  is  released  from  its  support, 
g-ioad  «  0.0  g,  time  B  0.0  seconds. 

Touch- -the  time  when  the  trunk  touches  the  platform  as  indicated 
by  the  first  increase  in  trunk  pressure  from  initial  conditions. 


Peak  Pressures--the  time  of  highest  pressure  in  trunk  and 


cushion  due  to  the  drop. 

Peak  Load- -the  time  of  highest  accelerations  or  g-loads 
encountered  during  the  drop. 

Top  of  First  Bounce--the  midpoint  of  the  time  span  when  g-loads 
and  cushion  pressure  approach  or  reach  a  zero  value.  After 
the  model  reaches  peak  pressure  and  g-load  conditions,  cushion 
and  trunk  pressure  react  to  push  the  model  away  from  the  plat¬ 
form.  The  top  of  the  first  bounce  is  the  p«ak  of  that  upward 
travel . 

Figure  9  is  a  plot  of  a  typical  drop  test  at  a  full-scale  sink 
rate  of  12.5  fps  with  -7.5  degrees  initial  roll  angle.  The  key  events 
are  pointed  out  directly  on  the  curve.  Cushion  pressure  at  release  is 
always  zero  while  trunk  pressure  starts  out  at  a  value  depending  on  the 
initial  design  mode  of  OGE  or  IGE.  The  graph  of  Fig.  9  is  for  the  IGF. 
mode  and  trunk  pressure  begins  at  25  ps^g.  OGE  mode  trunk  pressure 
begins  at  32  psfg.  Touch  times  vary  from  0.030  seconds  to  0.130  seconds 
depending  on  the  desired  sink  rate.  Since  Fig.  9  is  that  of  a  12.5  fps 
drop,  touch  occurred  at  approximately  0.13  seconds.  At  touch,  trunk 
pressure  Is  still  at  Its  initial  value;  but  cushion  pressure  has  begun 
to  Increase  since  the  model  Is  approaching  the  floor  of  the  platform  and 
beginning  to  enclose  the  cushion  air  beneath  the  fuselage.  Loads  are 
still  at  a  zero  level  since  no  appreciable  forces  are  yet  felt  by  the 
model.  Peak  trunk  pressures  generally  occurred  0.160  to  0.210  seconds 
after  release, reaching  levels  from  43  to  62  psfg  depending  on  attitude, 
sink  rate,  and  OGE  or  IGE  design  mode.  If  the  model  hard  structure  did 
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rot  Mk«  contact  with  the  platform,  #eak  cushion  and  trunk  preUum 
occurred  at  approximately  the  same  time  (<0  OOh  teconda).  Hard  structure 
contact  forced  peak  cushion  pressure  t,o  occur  as  much  as  0,0/  seconds 
after  peak  trunk  ’"'assure,  reek  cushion  ormures  reached  values  from 
32  to  49  psfg  d«p,  idtny  on  attitude,  sink  cato,  and  tKI£  or  lfi£  design 
mode, 

Peak  loads  occurred  at  (approximately  the  same  1n9tant  or  slightly 
after  peak  pressures  (+0,00?  seconds),  since  they  are  a  result  of  pres¬ 
sure  reactions,  Peak  loads-  varied  from  2,2  to  4, 3  g- loads  fo"  u»ts 
without  an  Initial  12  degrees  of  pitch,  depending  on  the  other  Initial 
conditions,  A  pitch  angle  of  12  degrees  caused  hard  structure  contact 
and  resulted  In  o -loads  from  2,7  to  It,  1  g  depending  on  sink  rate,  In 
the  12-degree  pitch  . uses  g- loads  peaked  Immediately  after  peak  trunk 
pressure  occurred, 

The  top  of  the  first  bounce  generally  occurred  from  0.300  to  0.350 
seconds  after  release  depending  on  Initial  conditions.  At  this  point* 
the  trunk  pressure  sought  a  pressure  level  near  Its  Initial  value  at 
release,  and  It  usually  came  within  *2  psf  of  that  Initial  value.  Cushion 
pressure  approached  a  level  from  0  to  2  psfg,  Both  cushion  and  trunk 
pressures  sought  their  initial  values  since  the  model  Is  out  of  ground 
effect  at  the  top  of  the  first  bounce,  as  It  was  at  release,  The  most 
Important  reactions  and  greatest  changes  in  pressure  and  y-load  occur 
during  this  period  up  to  the  first  bounce. 

An  Important  observation  concerning  all  but  the  Initial  12-degree 
pitch  drop  tests  can  be  made  by  a  simple  calculation  of  cushion  pressure 
times  cushion  area  at  peak  g- loading.  The  g-loading  of  the  aircraft  is 
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a  mmura  of  n*  affective  weight  at  the  center  of  gravity  &t  an v  Instant. 
If  the  cushion  Absorbs  all  the  load  due  to  Impact,  then  the  value  of 
grading  times  the  weight  of  the  aircraft  would  equal  cushion  pressure 
times  the  area  of  the  cushion.  The  results  of  these  tests  revealed 
that  the  g-loadlng,  or  effective  weight  of  the  model  on  the  ACLS,  equals 
»  resultant  force  10  to  20  nounds  of  force  above  P^C*  This  result 
Indicates  that  the  cushion  Is  absorbing  almost  all  the  Impact  load, 
resulting  In  a  minimal  amount  of  tiunk  flattening.  It  is  the  desire  of 
the  ACIS  system  that  the  cushion  absorb  as  much  of  the  load  as  possible. 
This  result  was  not  true  for  the  12-degree  pitch  tosts  with  and  without 
roll,  since  the  model  hard  structure  made  contact  with  the  floor  of  the 
platform  at  the  time  of  peak  g-load.  In  this  case  cushion  pressure  was 
much  below  trunk  pressure  at  the  time  of  contact,  forcing  the  trunk  and 
hard  structure  to  absorb  the  Impact  load.  Thus,  test  results  Indicate 
12-degree  pitch  attitudes  uro  prohibitive  to  a  landing  on  the  CC-115 
with  ACLS, 

High-speed  movies  of  the  drop  tests  revealed  some  Interesting 
model  reactions  due  to  Initial  attitude  settings  at.  all  sink  rates. 

Even  though  the  model  was  dropped  at  an  Initial  attitude  of  no  roll  or 
pitch,  the  model  would  pitch  slightly  aft,  or  positive,  as  it  ca>«e  close 
to  the  floor  of  the  platform.  The  pitching  Is  due  to  the  fact  that 
the  center  of  gravity  of  the  model  Is  2.2  Inches  aft  of  the  center  of 
pressure  of  the  ACIS.  As  such,  the  model  would  land  on  the  rear  portion 
of  the  trunk  first  and  then  pitch  slightly  forward.  When  the  model  was 
placed  In  an  Initial  -7.5  degree  roll  attitude  and  no  pitch,  It  would 
remain  In  that  rolled  attitude  until  all  bounces  dampened  out.  At  that 
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point  the  model  would  roll  out  of  its  Initial  -7.5  degree  roll  to  a 
level  attitude.  This  roll  effect  was  also  observed  In  the  AFFDi.  quarter- 
scale  tests  {Ref  3:36).  There  was  less  bouncing  after  the  first  bounce 
In  the  rolled  condition  than  with  no  roll. 

With  an  Initial  6  degrees  of  pitch  and  no  roll,  the  movies  showed 
the  model  would  remain  at  the  6-degree  pitch  attitude  until  touch.  At 
touch  the  model  would  pitch  forward  as  much  as  6  degrees  depending  on 
sink  rate.  When  -7.5  degrees  of  roll  was  added  to  the  Initial  conditions, 
the  model  would  remain  at  the  initial  roll  and  pitch  attitude  until  touch. 
After  touch,  the  model  pitched  forward  as  with  pure  pitch  hot  i gained  at 
the  -7.5  degree  roll  attitude  until  most  of  one  bouncing  of  the  model 
dampened  out;  and  then  the  model  rolled  to  a  level  attitude. 

An  initial  12  degrees  of  pitch  with  and  without  roll  caused  the 
rear  of  the  model's  hard  structure  to  make  contact  with  the  platform  at 
all  sink  rates  whether  OGE  or  IGE  design  mode. 

Results  of  IGE  (In  Ground  Effect)  Drop  Tests 

The  IGE  drop  tests  were  conducted  with  an  initial  trunk  pressure 
of  approximately  34  psfg  and  an  IGE  hover  cushion  pressure  of  approxi¬ 
mately  16  psfg.  Drop  tests  in  the  IGE  condition  were  conducted  at  the 
following  full-scale  sink  speeds  and  attitudes: 

Full  Scale  Speed  Model  Speed  Pitch/Roll 

(fps)  (fps)  (Degrees) 

12.5  4.0  0/0,  0/-7.5,  6/0,  6/-7.5,  12/0,  12/-7.5 

11.0  3.5  0/0,  0/-7.5,  6/0,  6/-7,5,  12/0,  12/-7.5 

8.0  2.5  0/0,  0/-7.5,  6/0,  6/-7.5,  12/0,  12/-7.5 

5.0  1.6  0/0,  12/0 

3.0  1.0  0/0,  12/0 


These  values  were  chosen  to  cover  the  full  range  of  possible 
landing  speeds  and  attitudes  of  the  CC-115  aircraft  during  a  landing. 

Effects  of  Sink  Rate  on  Peak  Pressures  and  Loads  at  the  Cancer 
of  Gravity.  Graphs  on  Figures  10  to  15  show  the  effects  of  full-scale 
sink  rate  on  pec  ;runk  and  cushion  pressures  and  peak  loads  at  the 
center  of  gravi^  for  each  initial  attitude.  The  graphs  demonstrate  a 
trend  that  a  decrease  in  sink  rate  or  vertical  velocity  will  cause  a 
decrease  in  the  peak,  or  highest  values,  of  pressures  and  loads  which 
occur  during  the  first  bounce  of  the  air^  -ft  upon  landing.  The  decrease 
Is  as  one  would  intuitively  expect,  since  forces  on  the  structure  would 
be  lower  at  lower  sink  rates.  The  rate  of  decrease  is  affected  by  the 
initial  attitude  of  the  model  during  the  drop.  In  the  case  of  the  0.0 
degree  roll  and  12.0  degree  pitch  drop,  peak  trunk  and  cushion  pressures 
were  not  noticeably  affected  by  decreases  in  vertical  velocity  below 
11.0  fps  (see  Fig.  14).  In  all  other  attitudes  the  decrease  was  signif¬ 
icant.  Depending  on  the  initial  attitude  and  sink  rate  from  3.0  to 
12.5  fps,  trunk  pressure  varied  from  43  to  62  psfgj  cushion  pressure 
varied  from  32  to  49  psfg;  and  g-loads  varied  from  2.2  to  4.2  g-loadlng, 
excluding' hard  structure  contact  where  g-loading  reached  5.1  g  at  12.5  fps. 

The  quarter-scale  tests  conducted  by  AFFDL  were  run  at  the  same 
conditions  but  with  the  model  center  of  gravity  directly  over  the  ACLS 
center  of  pressure.  The  results  of  those  tests  showed  that  decreasing 
sink  rate  did  not  cause  peak  loads  to  decrease  when  the  model  was  released 
with  no  roll  or  pitch.  All  other  attitudes  of  the  AFFDL  tests  showed 
that  decrease  in  peak  conditions  was  due  to  decrease  in  sink  rate  (Ref 
3:32).  The  probable  reason  for  the  different  results  obtained  with 
tie  two  models  lies  in  the  location  of  the  model  center  of  gravity. 


Pressure  (psfg) 


Fig.  14.  Effects  of  Sink  Rate  on  Peak  Conditions,  0=  12.0,  </*  =  0.0 
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With  the  center  of  gravity  over  the  center  of  pressure*  as  in  the  quarter- 
scale  model,  the  weight  and  pressure  loads  occur  directly  on  the  center 
of  the  ACLS  trunk  and  cushion  during  a  level  drop;  and,  therefore,  this 
positioning  results  in  an  evenly  distributed  load  over  the  ACLS  for 
all  sink  rates. 

Sink  rate  did  not  affect  the  test  results  in  any  other  manner  than 
indicated  above.  Therefore,  only  the  12.5  fps  vertical  velocity  drops 
will  be  discussed.  These  drops  covered  the  full  range  of  desired 
attitudes  and  show  the  worst  possible  conditions  for  a  landing.  Pressure 
and  g-load  values  at  key  events  for  the  I6E  tests  at  11.0,  8.0,  5.0, 
and  3.0  fps  are  found  in  Appendix  C. 

Effects  of  Attitude  on  Trunk  and  Cushion  Pressures.  Figure  16 
shows  the  effects  of  initial  attitude  on  the  response  of  trunk  pressure. 
The  Increase  in  pitch  angle  from  0.0  degrees  to  6.0  degrees  increased 
the  peak  pressure  11  psf  and  delayed  it  about  0.04  seconds.  Increasing 
the  pitch  to  12  degrees  caused  the  model  hard  structure  to  hit  the  plat¬ 
form.  This  hit  may  account  for  the  decrease  in  pressure  and  a  more  level 
pressure  distribution  over  time  than  at  0.0  degrees  and  6.0  degrees  pitch. 
The  model  hard  structure  has  probably  absorbed  a  portion  of  the  load 


that  the  trunk  and  cushion  would  have  normally  supported,  and  this  fact 
caused  decreased  trunk  pressure. 

Roll  does  not  appear  to  alter  the  basic  shape  of  the  trunk 
pressure-time  curve  except  to  increase  the  time  for  the  peak  condition 
to  occur  by  about  0.03  seconds.  Pressures  peak  at  approximately  the  same 
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level  for  both  the  0.0  and  -7.5  degree  roll  cases. 


When  roll  is  placed  in  combination  with  pitch,  the  responses  of 
trunk  pressure  match  very  closely  to  those  in  which  ti.u  model  was  pitched 
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Effects  of  Attitude  on  Trunk  Pressure 


but  not  rolled.  The  model  hard  structure  also  hit  when  the  model  landed 
at  -7.5  degrees  roll,  12.0  degrees  pitch.  The  addition  of  roll  to  pitch 
seems  to  slightly  decrease  the  trunk  pressure  by  about  7  psf. 

Figure  17  shows  the  effects  of  initial  attitude  on  cushion  pres¬ 
sure.  Cushion  pressure  seems  to  react  in  the  same  manner  as  did  trunk 
pressure  between  0.0  and  6.0  degrees  pitch.  Cushion  pressure  6.0 
degrees  pitch  was  5  psf  higher  at  peak  conditions  than  at  0.0  degrees 
pitch,  and  the  peak  at  6.0  degrees  was  of  shorter  duration.  Cushion 
pressure  at  12.0  degrees  pitch  showed  twc  leveling  periods  on  the  approach 
to  peak  conditions.  The  leveling  is  due  to  hard  structure  contact  with 
the  platform.  Due  to  the  hard  structure  contact  with  the  platform, 
peak  cushion  pressures  at  the  12.0  degree  drops  occurred  as  much  as 
0.05  seconds  later  than  other  attitudes  tested.  The  area  under  the 
curves  of  Fig.  17  is  a  measure  of  the  reaction  force  exerted  on  the 
fuselage  during  the  drop.  The  area  under  the  12.0  degree  pitch  curves 
is  considerably  less  than  under  the  other  two  curves;  and  this  indicates 
that  the  cushion  did  not  absorb  as  much  of  the  load  as  it  would  have  If 
the  model  hard  structure  had  not  made  contact  with  the  platform.  This, 
of  course,  is  an  undesirable  condition.  Load  should  be  absorbed  by  the 
cushion. 

As  with  the  trunk  pressure,  roll  does  not  alter  the  basic  shape 
of  cushion  pressure-time  curve.  Peak  pressures  are  3  psf  less  than  with 
no  roll,  and  peak  event  time  Is  delayed  by  about  0.02  seconds. 

Combining  roll  and  pitch  makes  the  cushion  pressure  curves  follow 
the  same  trend  as  for  pure  pitch  with  delayed  event  times  and  decreased 
pressures  probably  due  to  the  roll  angle. 


Effects  of  Attitude  on  Cushion  Pressure 


of  Trunk  Pressure.  Cushion  Pressure, 


and  Center-of-Gravlty  Loads.  Figures  18  to  23  show  the  dynamic  responses 
of  trunk  pressure,  cushion  pressure,  and  center  of  gravity  g-loads  of 
the  model  for  each  attitude  tested  at  the  12.5  fps  full-scale  sink  rate. 
Drop  tests  conducted  at  lower  sink  rates  provided  the  same  basic  shape 
of  curve  at  each  attitude  as  those  discussed  here,  except  that  the  curves 
rose  to  lower  values  of  pressure  and  g-loads  due  to  decreased  sink  rates. 
The  graphs  presented  in  this  section  depict  responses  during  the  time 
for  the  model  to  reach  the  top  of  the  first  bounce.  Beyond  that  point, 
no  significant  variations  in  the  responses  were  observed;  and  it  is 
assumed  that  pilot  control  could  change  the  responses  of  the  system. 

Thus  those  events  are  not  reported  here. 

Figures  18  and  19  show  response'  for  a  level  drop  and  a  -7.5 
degree  roll  drop,  respectively.  Figure  18  also  contains  points  from  a 
similar  AFFDl  quarter-scale  model  test  with  the  short  trunk.  Comparison 
of  Fig.  18  and  Fig.  19  aaain  shows  that  roll  has  a  minimal  effect  ori 
the  dynamic  responses  of  the  system.  The  pressures  did  not  cause  exces¬ 
sively  high  g-loads  keeping  the  forces  due  to  impact  to  a  reasonable 
level.  The  leveling  of  pressure  after  peak  conditions  may  be  due  to  a 
resurge  of  power  to  the  fans  after  the  force  of  initial  impact.  When 
load  on  the  fans  is  relieved  after  peak  conditions,  the  fans  could  rotate 
faster,  providing  more  air  to  the  system  and  thus  more  pressure. 

Figure  18  also  contains  points  from  AFFDL  quarter-scale  tests  at 
the  same  Initial  conditions.  Note  that  peak  trunk  pressure  was  29  psf 
higher,  peak  cushion  pressure  14  psf  higher,  and  peak  g-load  about  1 
g-load  higher  than  the  tenth-scale  tests  with  a  longer  trunk.  Peak 
pressure  conditions  also  occurred  about  0.03  seconds  sooner  on  the 
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quarter-scale  tests  as  compared  to  the  tenth-scale  tests.  Quarter-scale 
results  show  a  quicker  decrease  in  pressure  after  peak  conditions.  This 
fact  is  attributable  to  fan  stall  which  occurred  on  the  quarter-scale 
tests  (Ref  3:30).  This  fan  stall  was  not  present  in  the  tenth-scale 
tests  covered  in  this  report;  and  thus  the  fans  of  the  two  models  show 
different  flow  characteristics.  The  quarter-scale  model  tested  by  AFFDL 
used  two  axial  flow  fans,  while  tenth-scale  tests  used  two  centrifugal 
fans.  Peak  loads  on  the  AFFDL  quarter-scale  tests  occurred  0.100  seconds 
after  peak  pressures,  while  peak  loads  on  tenth-scale  tests  occurred 
approximately  at  the  same  time  as  peak  pressures. 

Figures  20  and  21  show  responses  at  0.0  degrees  roll  and  6.0 
degrees  pitch  and  -7.5  degrees  roll  and  6.0  degrees  pitch,  respectively. 

No  quarter-scale  comparisons  were  available  for  these  tests.  Note  the 
effects  of  pitch  creating  sharp  peaks  in  cushion  and  trunk  pressure  as 
well  as  center-of-gravity  g-load.  Again  note  pressure  leveling  after 
peak  conditions  probably  due  to  an  increase  in  fan  rotation  after  peak 
conditions. 

Figures  22  and  23  snow  responses  at  0.0  degrees  roll  and  12.0 
degrees  pitch,  and  -7.5  degrees  roll  and  12  degrees  pitch,  respectively. 
The  aft  portion  of  the  model  hard  structure  next  to  the  rear  trunk  attach¬ 
ment  hit  the  platform  In  both  cases  as  is  shown  by  the  high  value  of 
g-loads  (4.6  and  5.1  g-load)  at  the  center  of  gravity  and  the  erratic 
behavior  of  g-loads  after  the  first  peak  trunk  pressure.  The  hard  struc¬ 
ture  contact  has  probably  sent  vibrations  through  the  fuselage  to  the 
accelerometer  causing  this  erratic  behavior  after  peak  g-load.  Unlike 
prev1o<‘j  tests  discussed,  both  12.0  degree  pitch  cases  showed  peak  cushion 
pressure  occurring  about  0.07  seconds  after  peak  trunk  pressure.  This 
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1/4-scale  data  points  may  be  slightly  in  error  due  to  tiding  inaccuracies  during  reoo 
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Fig.  18.  ISE  Dync"ic  Responses  of  ACLS,  *  *  0.0,  £  *  S.0 
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Fig.  23.  IGE  Dynamic  Responses  of  ACLS,  9  =  12.0 


delay  Is  probably  attributable  to  the  fact  that  at  12.0  degrees  of  pitch 
there  is  not  enough  of  the  cushion  air  entrapped  to  absorb  the  Initial 
impact.  After  the  initial  impact^the  model  pitches  forward  entrapping 
more  air  in  the  cushion  and  causing  a  late  cushion  pressure  peak.  Quarter- 
scale  results  are  plotted  for  a  10.0  degree  pitch  attitude  in  both  graphs 
Instead  of  12.0,  which  was  not  performed  on  AFFDL  quarter-scale  tests. 
Quarter-scale  points  appear  to  show  the  similar  trend  for  late  cushion 
pressure  peak  as  on  tenth-scale,  since  the  quarter-scale  model  also  hit 
hard  structure.  Initial  peak  trunk  pressures  were  10  tr*  16  psf  higher 
on  quarter-scale  short  trunk  results  compared  to  the  longer  trunk  of 
tenth-scale  tests. 


Results  of  OGE  (Out  of  Ground  Effect)  Drop  Tests 

The  OGE  Design  condition  drop  tests  were  conducted  by  using  a 
trunk  pressure  equal  to  32  psfg.  When  placed  in  ground  effect  the  trunk 
pressure  rose  to  39  psfg  and  the  cushion  pressure  to  16  psfg.  Thus  the 
OGE  design  point  essentially  placed  the  trunk  pressure  at  a  higher  initial 
value,  as  the  trunk  comes  near  to  the  platform,  than  the  IGE  tests  already 
discussed. 

Since  the  results  of  the  IGE  tests  indicated  that  sink  rate  only 
affected  peak  values,  it  was  decided  to  conduct  OGE  tests  only  at  two 
full-scale  sink  rates  of  12.5  fps  and  8.0  fps.  Attitudes  of  the  model 
for  both  sink  rates  were  as  follows: 


Pitch  Roll 

(degrees)  (degrees) 


0.0 

0.0 

0.0 

-7.5 

6.0 

0.0 

6.0 

-7.5 

12.0 

0.0 

12.0 

-7.5 
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The  effects  of  sink  rate  on  peak  conditions  and  the  effects  of 
attitude  on  trunk  and  cushion  pressures  were  the  same  as  for  the  IGE 
tests.  The  model  hard  structure  again  made  contact  with  the  platform 
when  the  pitch  angle  was  12  degrees  with  and  without  roll. 

The  dynamic  responses  of  trunk  pressure,  cushion  pressure,  and 
center-of-gravlty  g-load  correspond  very  closely  to  those  found  during 
the  IGE  tests  except  that  cushion  pressure  was  about  0  to  7  psf  higher 
and  trunk  pressure  4  to  10  psf  higher  over  the  same  Interval  of  time. 
Center-of-gravlty  g-loads  were  about  the  same  for  both  IGE  and  OGE  tests, 
and  key  events  also  occurred  at  approximately  the  same  time.  The  rise 
in  pressures  is  attributable  to  the  higher  Initial  trunk  pressure,  which 
the  OGE  design  mode  calls  for  at  the  beginning  of  a  drop.  An  example 
of  the  results  of  a  drop  at  a  sink  rate  of  12.5  fps  with  no  mil  or  pitch 
is  found  in  Fig.  24.  Plots  of  the  remaining  attitudes  at  the  12.5  fps 
sink  rate  as  well  as  tabular  listings  of  key  event  values  for  the  8.0 
fps  OGE  drops  are  contained  in  Appendix  C. 

A  comparison  with  the  tests  conducted  by  the  Bell  Aerospace  Company 
on  the  tenth-scale  model  with  the  short  trunk  Is  found  In  Table  III.  Only 
peak  values  were  available  from  the  Bell  tests  as  found  In  the  report  by 
Coles  (Ref  1).  The  Bell  tests  were  conducted  with  the  model  adjusted 
to  approximately  the  same  dynamic  and  geometric  characteristics  as  the 
tests  of  this  report  except  for  the  shorter  trunk.  Bell  tests  were  not 
performed  at  exactly  the  same  sink  rates  and  attitudes;  and,  therefore, 
comparisons  were  made  to  an  approximately  matching  attitude  and  sink 
rate.  The  comparison  shows  trunk  pressure,  and  center-of-gravity  g-loads 
to  be  about  0  to  36%  higher,  depending  on  sink  rate  and  attitude,  with 
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Fig.  24.  OGE  Dynamic  Responses  of  ACLS*  9  =  G,0,  <t>  «.  0.0 


TABLE  III 

Comparison  of  long  and  Short  Trunk  Peak  Values 

1/lC  Scale  Model »  OGE  Design  Mode 

(Values  In  parentheses  tprrespond  to  short  trunk. 
Short  trunk  values  taken  from  Bell  tests  (Ref  1).) 


Sink  Speed 
(fps) 

Pitch 

. 

(degrees) 

Roll 

(degrees) 

Pc 

(psfg) 

PT 

(psfg) 

Gc.g. 

(g-load) 

12.5 

(12.7) 

0.0 

(1.0) 

0.0 

! 

(-0.5) 

51 

(54) 

60 

(81) 

3.3 

(4.2) 

12.5 

02.7) 

0.0 

(-0.5) 

-7.5 

(6.0) 

46 

(55) 

58 

(76) 

3.2 

(4.4) 

12.5 

(12.7) 

6.0 

(5.5) 

0.0 

(-0.5) 

56 

(54) 

66 

(71) 

4.0 

(4.5) 

12.5 

(12.7) 

6.0 

(6.0) 

-7.5 

(5.0) 

47 

(52) 

61 

(77) 

3.7 

(4.6) 

8.0 

(7.4) 

0.0 

(1.0) 

0.0 

(0.5) 

46 

(47) 

56 

(64) 

3.7 

(3.0) 

8.0 

(9.1) 

0.0 

(-0.5) 

-7.5 

(6.0) 

42 

(49) 

56 

(73) 

3.1 

(4.1) 

8.0 

(9.1) 

6.0 

(6.0) 

0.0 

(0.0) 

48 

(47) 

60 

(70) 

3.3 

(3.9) 

8.0 

(9.1) 

6.0 

(6.0) 

-7.5 

i 

(5.5) 
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(47) 

58 

(71) 

3.3 

(4.0) 

Physical  Comparison  of  the  Two  Models  Tested 


Bell  Short  Trunk 

Long  Trunk 

Gross  weight  (lbs) 

39.3 

39.1 

Center  of  gravity  (Inches) 

X  from  nose 

32.5 

32.4 

Z  from  bottom 

7.5 

7.0 

Moments  of  Inertia  (slug-ft2) 

Pitch 

3.45 

2.71 

Yaw 

5.01 

4.55 

Roll 

2.49 

2.05 
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IV.  Static  Tests 


Introduction 

Static  tests  were  performed  on  the  model  to  obtain  stiffness  of 
the  ACLS  In  level,  pitched,  and  rolled  attitudes  as  it  applied  to  the 
CC-115  aircraft.  In  conjunction  with  the  level  tests,  a  static  pressure 
footprint  of  the  system  was  obtained,  and  equilibrium  relationships  cf 
cushion  pressure,  bag  deflection,  and  area  of  trunk  contact  were  developed. 
Equilibrium  relationships  do  not  account  for  dynamic  Interactions,  but  these 
results  can  be  used  as  a  baseline  in  predicting  responses  to  various 
dynamic  Inputs.  Level  or  vertical  stiffness  tests  were  conducted  with 
loads,  In  addition  to  the  model  weight,  applied  over  the  center  of  pres¬ 
sure  In  both  the  06E  and  IGE  design  mode.  The  effects  of  the  OGE  and  IGE 
design  modes  will  be  compared.  In  addition,  load  was  applied  over  the 
center  of  gravity  In  the  OGE  design  mode.  The  results  of  the  center-of- 
gravlty  loading  will  be  compared  to  center-of-pressure  loading  In  the  OGE 
design  case.  The  pressure  footprints  were  obtained  with  load  over  the 
center  of  gravity  In  the  OGE  design  mod-. 

Vertical  Stiffness 

Procedure  and  Equipment.  A  level,  or  vertical  loading,  test  was 
conducted  by  first  adjusting  tru»  pressure  to  desired  OGE  or  IGE  con¬ 
dition,  Trunk  pressures  for  each  condition  were  the  same  as  those  of  the 
drop  tests.  Loads  on  the  ACLS  from  0,0  pounds  up  to  the  weight  of  the 
model,  39,1  pounds,  ware  applied  by  placing  a  lifting  force  on  the  model 
and  thereby  decreasing  the  normal  model  weight  on  the  ACLS.  Beyond  39.1 
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pounds,  load  was  applied  In  the  form  of  lead-shot  bags  weighing  approxi¬ 
mately  10  pounds  each.  Thus,  above  39.1  pounds,  load  on  the  ACLS  con-  { 

sisted  of  the  model  weight  of  39.1  pounds  acting  at  the  c.g.  plus  the 

additional  load  over  the  c.g.  or  c.p.  The  center  of  the  bags  was  placed  ] 

on  top  of  the  model  fuselage  directly  above  the  center  of  gravity  or 

i 

center  of  pressure,  whichever  case  was  being  tested.  At  each  applied  j 

load  the  model  attitude  and  center-cf-gravity  height  above  the  platform  ; 

were  measured.  Cushion  and  trunk  pressures  were  also  measured  using 

'I 

*vater  manometers.  The  quarter-scale  results  compared  here  were  obtained  | 

from  Vaughan  (Ref  3).  More  details  on  procedure,  apparatus,  and  data 
reduction  are  found  in  Appendix  D. 

Load  Over  Center  of  Pressure,  OGE,  and  IGE.  Figure  25  shows  a  ' 

vertical  stiffness  curve  for  the  OGE  and  IGE  design  conditions.  The 
graph  depicts  how  much  the  ACLS  trunk  deflects  for  each  load  applied  on  \ 

the  ACLS.  The  stiffness  increases  rapidly  up  to  approximately  20  pounds 
of  load,  then  up  to  approximately  75  pounds  of  load  the  system  stiffness 
remains  constant  at  about  125  pounds  ?cr  *r.ch  deflection.  The  quarter- 
scale  tests  of  AFFDL  were  conducted  from  39.1  to  84  pounds  load  and  showed 
a  stiffness  of  89.6  pounds  per  Inch  deflection.  The  difference  between 

the  quarter  and  tenth-scale  tests,  IGE,  was  the  trunk  length.  The  results  ’ 

4 

seem  to  Indicate  a  stiffer  system  by  35  pounds  per  inch  deflection  for  the  | 

longer  trunk.  j 

Beyond  75  pounds  of  load,  stiffness  began  to  decrease,  decreasing  i 

Vi 

more  for  each,  ape  led  load  up  to  160  pounds  or  4.1  g's.  Above  75  pounds  j 

the  tests  performed  In  the  OGE  condition  Indicated  a  greater  stiffness  | 

than  IGE.  Increased  stiffness  Is  due  to  increased  trunk  pressures  ] 

of  the  OGE  design  condition  which  work  to  create  a  more  rigid  trunk 
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structure  at  the  higher  L-ads. 

Area  of  trunk  flattening  or  contact  can  be  obtained  using  tlu 
following  'el atlonshlp  for  a  model  in  a  static  condition  with  no  vertical 
acceleration  (Ref  3:15): 

Wft  “  PgA^  +  PjAf  +  Aerodynamic  lift  *  Weight  on  brakes  (2) 

Since  there  Is  no  weight  on  the  brakes  and  no  air  flow  over  the  body  *  the 
last  two  terms  are  zs^o.  Therefore,  by  solving  for  AT  with  the  remaining 


term 
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\  may  be  assumed  constant 
15),  which  for  the  tenth-scale  long  trunk  was  2.44  square  feat, 
i  the  ’’oad  W/\  applied  on  the  cushion,  cushion  pressure,  trunk  pres* 

)btain  the  trunk  contact  area. 
Below  j9.1  pounds  of  load  on  the  ACLS,  the  model 
the  platform  and  the  trunk  flattening  area  is  zero.  In  this 
being  supported  by  the  ACLS  is  being  done  >olely  by  the  cushion  pressure 
on  the  cushion  area. 

Figure  26  demonstrates  how  area  of  trunk  flattening  changes  with 
respect  to  ACLS  deflection  and  also  height  of  the  model  center  of  gravity 
above  the  ground.  An  Increase  In  deflection  o>-  decrease  in  center-of- 
gravlty  height  corresponds  to  Increased  loading.  The  data  gathered  from 
the  IGE  and  OGE  tests  show  a  linear  relationship  between  area  and  deflection 
or  height  up  to  approximately  2.6  Inches  deflection,  9.4  Inches  center-of- 
gravity  height.  The  slope  of  both  curves  in  the  linear  region  is 
approximately  0.5  ft2  per  Inch  of  deflection  or  center-of-gravity  height. 
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the  reaulti  w sre  (He  tama  Cor  Horn  IU£  ami  OGF  testa »  which  mm  to 
indicate  that  for  those  pressure*  the  area  of  trunk  contact  Is  a  strict 
function  of  the  deflection  of  the  tag  and  Is  Independent  of  trunk  pressure, 
Figure  U  also  snows  quarter-scale  results  In  the  U1E  case  only  (Ref  3t&), 
In  the  ATO,  qutrter-tcsle  tests 4  the  range  of  loads  was  smaller  than  in 
the  tenth-scale  tests  but  the  resulting  curve  was  linear  In  the  same  region 
as  for  the  tenth«tc*le  model.  The  slope  of  the  quarter-scale  line  Is 
approximately  0,fi  ft1  per  inch  of  deflection  showing  more  area  flattening 
per  Inch  deflection  for  the  short  trunk  than  the  long  trunk.  This  result 
corresponds  to  the  decrease  in  stiffness  of  the  shorter  trunk  as  compared 
to  the  longer  trunk, 

figure  *7  shows  the  variation  of  trunk  pressure  with  area  of  trunk 
contact  In  the  OUE  and  IGF.  cases.  In  addition,  results  from  the  AFFUL 
quarter- scale  tests  In  161  mode  are  plotted,  Quartet -scale  short  trunk 
tests  demonstrate  more  area  contact  for  a  specific  pressure  than  do  tenth- 
scale  long  trunk  vests,  which  corresponds  with  the  results  which  have  been 
discussed. 

Figure  ?&  demonstrates  how  much  of  the  total  load  the  trunk  supports 
for  each  load  on  the  ACLS.  The  percentage  Is  calculated  as  follows: 


p  .A . 

x  1 00  «  %  toad  on  Av 

w» 


(4) 


The  remainder  of  the  load  Is  supported  by  the  cushion.  The  IGE  case,  of 
course,  shows  the  trunk  supporting  more  load  than  OGE;  since  OGE  load- 
deflection  characteristics  are  stlffer.  Quarter-scale  tests  with  the 
short  trunk  show  the  trunk  carrying  considerably  more  load  than  the  long 
trunk.  The  long  trunk  design,  therefore,  shows  art  Improvement  since  it 
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is  more  desirable  to  have  the  cushion  support  most  of  the  load  and  thus 
keep  trunk  flattening  and  possible  surface-to-surface  contact  to  a 
minimum.  Note  also  that  trunk  flattening  did  not  occur  with  the  long 
trunk  until  approximately  60  pounds  of  load,  while  the  short  trunk  of 
the  quarter-scale  model  showed  flattening  at  the  normal  landing  weight 
of  the  model.  The  decrease  in  long  trunk  flattening  is  probably  due  to 
the  increase  in  cushion  area  caused  by  the  longer  trunk.  As  shown 
in  Fig.  29,  the  quarter-scale  trunk  and  cushion  pressures  were  about 
the  same  as  those  for  the  tenth-scale  at  IGE  conditions.  The  increase 
In  cushion  area  of  the  long  trunk  allows  more  weight  to  be  supported  at 
a  given  pressure. 

Figure  29  also  compares  OGE  to  IGE  pressures.  Trunk  pressure  In 
the  OGE  mode  was  4  to  7  psf  higher  than  in  the  IGE  mode  as  expected,  and 
the  cushion  pressure  was  about  2  psf  higher  above  39.1  pounds.  Below 
39.1  pounds  of  load  on  the  ACLS,  the  cushion  pressures  were  the  same  for 
both  cases. 

Cushion  to  trunk  pressure  ratio  (Pc/Py),  a  dimensionless  scaling 
parameter  for  the  ACLS,  increased  from  0.5  for  39.1  pounds  of  load  on  ACLS 
to  about  0.9  for  160  pounds  of  load  on  ACLS  as  shown  in  Fig.  30. 

Effects  of  Shifting  Load  From  C.P.  to  C.G.,  OGE.  In  addition  to 
loads  over  the  center  of  pressure,  the  model  was  also  loaded  over  the 
center  of  gravity  with  the  design  point  set  in  the  OGE  condition.  This 
section  will  compare  the  effects  of  shifting  load  concentration  from 
over  the  center  of  pressure  to  over  the  center  of  gravity,  both  in  the 
OGE  design  condition.  No  quarter-scale  results  for  li  J  over  the  center 
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Fig.  29.  Variation  of  Cushion  and  Trunk  Pressure 
With  Load  (OGE  and  IGE) 


GE 

GE 


1/4  SCALE  IGE 


20  40  60  80  100  120  140  160 

Load  on  ACLS  (lbs) 


Fig.  30.  Variation  of  Pressure  Ratio  (Pc/Pt) 
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of  gravity  with  the  center  of  pressure  forward  of  the  center  of  gravity 
are  available. 

Figure  31  shows  the  model  center-of-gravity  deflection  for  each 
load.  When  39.1  pounds,  or  more,  of  load  is  applied  over  the  center  of 
gravity,  the  stiffness  of  the  ACLS  decreases  as  compared  to  applying  load 
over  the  center  of  pressure.  When  load  is  applied  over  the  center  of 
gravity  the  model  begins  to  pitch  and  increases  that  pitch  with  increasing 
load  as  shown  by  Fig.  32.  This  pitching  is  due  to  the  fact  that  the 
center  of  gravity  of  the  model  is  2.2  inches  aft  of  the  center  of  pressure 
of  the  ACLS.  Thus  a  load  at  the  center  of  gravity  causes  the  aft  portion 
of  the  trunk  to  deflect,  which  in  turn  forces  the  model  to  pitch.  When 
load  is  applied  over  the  center  of  pressure  the  ACLS  deflection  is 
distributed  evenly  over  the  whole  trunk,  preventing  a  pitching  of  the 
model . 


Figure  33  shows  the  variation  of  trunk  area  contact  with  center  of 
gravity  deflection  for  each  load„  The  position  of  the  load  does  not  affect 
this  relationship  as  the  graph  in  Fig.  33  demonstrates.  The  graph  is 
linear  up  to  2.6  inches  of  deflection  with  a  slope  of  0.5  ft2  per  inch 
deflection,  as  was  the  case  with  a  similar  graph  discussed  in  the  last 
section.  With  the  load  over  the  center  of  pressure,  the  area  was  evenly 
distributed  fore  and  aft  of  the  center  of  pressure;  but  with  the  load  over 
the  center  of  gravity  that  same  area  is  apparently  concentrated  aft  of 
the  center  of  pressure  due  to  the  pitching  of  the  model.  T  1  gui  c  34  SnO.i^i 
the  variation  of  trunk  pressure  with  contact  area  for  both  load  positions. 

Figure  35  shows  how  much  of  the  total  load  the  trunk  supports  with 
load  over  the  center  of  gravity  and  load  over  the  center  of  pressure.  Due 
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Fig.  33.  Area  of  Trunk  Contact  Due  Fig.  34.  Variation  of  Trunk  Pressure  With  Area  of 

to  C.G.  Deflection  Trunk  Contact  (Load  over  C.G.  and  C.P.) 
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to  the  pitching  of  the  nude!,  more  load  Is  being  supported  by  the  trunk 
when  the  load  Is  over  the  center  of  gravity.  The  trunk  began  to  support 
load  Immediately  after  the  load  was  Increased  above  the  normal  hover 
we*  ht  of  39.1  pounds  and  leveled  off  at  30  percent  of  the  total  load 
from  140  to  160  pounds  of  load.  A  load  of  160  pounds  Is  equivalent  to 
a  4.1  g-load  on  the  aircraft.  These  static  loading  tests  show  that  even 
at  high  g-loads  most  of  the  force  will  be  absorbed  by  the  air  cushion. 

Beyond  39.1  pounds  slightly  less  trunk  pressure  and  cushion  pres¬ 
sure  are  required  for  load  support,  when  that  load  Is  applied  over  the 
center  of  gravity  as  compared  to  over  the  center  of  pressure.  This 
variation  of  pressure  with  load  is  depicted  In  Fig.  36.  The  decrease  can 
only  be  attributable  to  the  pitching  of  the  model  due  to  the  load  being 
over  the  center  of  gravity.  With  the  model  so  pitched,  the  forward  por¬ 
tion  of  the  trunk  is  receiving  a  smaller  portion  of  the  load  and  Is  also 
rising  <ibove  the  floor  allowing  some  air  in  the  cushion  cavity  to  escape 
to  the  atmosphere.  This  Flow  was  felt  by  hand  at  the  forward  part  of  the 
trunk.  The  escape  of  air  would  force  cushion  pressure  to  decrease  due 
to  the  pitched  attitude  as  compared  to  a  level  attitude  where  the  cushion 
air  Is  more  entrapped  by  the  trunk.  The  trunk  now  supports  more  load, 

and  since  trunk  contact  area  Is  greater  with  loads  over  the  center  of 

gravity,  lower  trunk  pressures  are  required  with  center-of-gravlty 
loading  than  center-of-pressure  loading  for  the  same  load.  Figure  37 
shows  the  variation  of  cushion  to  trunk  pressure  ratio  with  load  for  the 
two  loading  positions. 

Roll  Stiffness 

Roll  stiffness  of  the  ACLS  was  obtained  by  applying  a  torque  about 

the  center  of  gravity  of  the  model  In  the  roll  plane  and  then  measuring 
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the  roll  angle  caused  for  each  torque  value.  Initial  ti  imk  pressure 
was  set  to  the  K.E  design  mode.  The  torque  was  created  by  placing  a 
load  at  the  starboard  wing  tip  of  the  model  and  using  the  wing  as  a 
moment  arm  about  the  center  of  gravity.  In  order  to  maintain  a  constant 
load  on  the  ACLS  during  torquing,  a  load  equal  in  magnitude  but  opposite 
in  direction  to  the  torque  load  was  applied  at  the  center  of  gravity  of 
the  model.  More  details  concerning  procedure  are  found  in  Appendix  D. 

The  present  configuration  for  the  CC-115  with  ACLS  attached  has 
the  center  of  gravity  aft  of  the  center  of  pressure  of  ''he  ACLS.  As 
was  explained  in  the  vertical  stiffnecc  section,  this  causes  the  model 
to  pitch  in  the  positive  direction.  In  the  hover  condition,  39.1  pounds 
of  load  on  ACLS,  the  model  is  pitched  at  an  angle  of  2  degrees  (see  Fig. 
32).  In  orde1"  to  sirulate  an  actual  rolling  situation  the  model  was 
left  in  this  initial  pitched  condition  during  roll  stiffness  tests. 

This  pitch  angle  did  not  change  during  the  tests.  The  model  was  torqued 
in  roll  until  the  wing  touched  the  platform. 

The  results  of  the  rolling  stiffness  tests  are  presented  as  a 
stiffness  curve  in  Fig.  38.  The  stiffness  curve  shows  that  as  roll 
angle  increases,  stiffness  in  roll  (Inch-lbs/degree)  decreases. 

Pitch  Stiffness 

To  obtain  pitch  stiffness  of  the  ACLS,  the  model  was  torqued  about 
its  center  of  gravity  In  the  pitching  plane,  and  the  pitch  angle  was 
.,'easured  for  each  torque  value  applied.  The  trunk  pressure  was  adjusted 
to  the  IG£  deslq;;  condition.  Positive  and  negative  torque  were  obtained 
by  placing  a  load  at  the  call  of  the  fuselage  and  using  tne  fuselage  as 
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the  moment  aru,  As  in  roll,  thu  load  on  the  A-  1,6  was  kept  at  a  constant 
33.1  pounds,  the  model  weight,  by  applying  equal  and  opposite  loads  at 
the  center  of  gravity.  More  details  on  procedure  and  data  reduction  are 
found  In  Appendix  f). 

As  explained  above,  the  model  has  an  initial  2  degree  pitch  angle 
at.  the  jero  torque  condition  about  the  center  of  gravity.  The  pitch 
stiffness  results  are  depicted  In  a  stiffness  curve  shown  In  fig,  39. 

The  curve  Is  quite  linear  from  -2.0  degrees  to  5.2  degrees  of  pitch; 
however,  the  slope  of  positive  torque  u  different  than  negative  torque. 
Fran  2.2  degrees  to  5.2  degrees,  pitch  stiffness  Is  approximately  3.3 
foot-pounds  per  degree  pitch,,  while  from  -2.0  degrees  to  2.2  degrees, 
pitch  stiffness  Increases  to  6.2  foot-pounds  per  degree  of  pitch.  This 
variation  in  stiffness  Is  again  due  to  the  center  of  gravity  location 
being  aft  of  the  center  of  pressure.  More  torque  was  necessary  to  force 
the  model  to  pitch  forward  than  aft  of  its  nominal  2  degree  pitch  hover 
attitude.  A ft  hard  structure  of  the  model  touches  the  floor  at  11.2 
degrees  of  pitch,  while  forward  hard  structure  touched  at  -6.0  degrees 
pitch.  Stiffness  decreases  quickly  beyond  both  linear  regions  of  the 
curve. 

Pressure  Footprint 

To  examine  the  pressure  being  felt  by  a  landing  surface  beneath  an 
aircraft  equipped  with  ACLS,  It  was  necessary  to  obtain  a  pressure  foot¬ 
print  of  the  model.  These  tests  were  accomplished  for  the  case  of  the 
load  over  the  center  of  gravity  and  with  initial  trunk  pressure  set  at 
32  psfg  in  the  QGE  design  condition. 
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The  pressure  footprint  was  obtained  by  Imbedding  a  plate  with 
40  pressure  tape  which  were  1  Inch  apart  on  the  test  platform  as  shown 
Its  fig,  40.  An  overlay  of  the  trunk  and  cushion  as  It  would  appear  In 
Its  normal  hover  condition  Is  also  shown  In  Pig.  40,  with  36  taps  running 
directly  beneath  the  model  longitudinal  centerline  and  12  additional  taps 
running  perpendicular  to  the  longitudinal  axis  out  to  the  port  side  of 
the  model.  The  modal  was  placed  on  the  plate  so  that  the  ACLS  center  of 
pressure  would  be  directly  above  the  intersection  of  the  two  lines  of 
taps.  Tups  were  placed  only  on  the  port  side  due  to  the  symmetry  of  the 
system  along  the  roll  plane  of  the  model.  Tubing  was  run  from  the  taps 
to  <s  Scanl valve  which  measured  all  48  pressure  points  In  20  seconds.  The 
Scanlvalve  is  a  special  pressure  transducer  whose  operation  Is  explained 
in  Appendix  D.  The  pressure  signals  from  the  transducer  were  collected 
in  the  same  manner  as  was  done  for  the  pressure  transducer  of  the  drop 
tests  with  final  data  appearing  as  traces  on  photosensitive  paper.  A 
typical  test  run  consisted  of  adjusting  trunk  pressure,  applying  desired 
load  over  the  center  of  gravity,  recording  pressure  tap  signals,  and 
recording  trunk  and. cushion  pressures  from  water  manometers.  Pressure 
footprints  were  obtained  for  each  of  nine  loads  on  the  ACLS:  0,  5,  39.1, 
59,  80,  100,  120,  140,  and  160  pounds.  Loads  were  applied  using  the  same 
procedure  as  In  the  vertical  stiffness  tests.  More  details  on  the  equip¬ 
ment  used,  the  procedures  followed,  and  data  reduction  are  found  In 
Appendix  D. 

The  pressure  footprint  was  plotted  on  graphs  as  pressure  versus 
pressure  tap  location  from  the  center  of  pressure  of  the  ACLS  for  each 
load  applied.  The  case  for  zero  load  resulted  In  no  pressure  on  the  floor, 
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as  was  expected,  and  was  not  plotted.  Figures  41  to  48  show  the  pressure 
profiles  for  each  of  the  loads  tested  as  well  as  the  trunk  and  cushion 
pressure  during  the  test.  Negative  pressures  result  from  the  flow  of 
air  from  the  cushion  cavity  beneath  the  trunk  passing  over  taps  directly 
outside  of  the  trunk  periphery.  Since  it  was  difficult  to  maintain  the 
model  In  its  desired  posifcon  over  the  taps  as  more  load  was  applied, 
some  points  on  the  plots  often  vary  from  one  position  to  the  next.  The 
curve  drawn  through  these  points  gives  an  average  value  of  the  pressure 
at  those  approximate  locations. 

Figure  42  shows  the  floor  pressure  with  the  model  at  its  normal 
landing  weight  and  hover  condition.  Containment  of  air  in  the  cushion 
by  the  trunk  is  obvious  from  the  increased  pressure  near  the  center, 
which  drops  off  slightly  as  the  forward  portion  of  the  trunk  is 
approached.  Floor  pressure  beneath  the  cushion  was  the  same  or  at  most 
1  psf  higher  than  the  cushion  pressure.  This  difference  is  probably  due 
to  some  air  flow  from  the  vent  holes  in  the  trunk  directly  onto  the  pres¬ 
sure  taps  beneath  them.  With  the  center  of  gravity  aft  of  the  center  of 
pressure,  the  model  becomes  pitched,  as  has  been  explained;  and  this 
pitching  allows  more  air  flow  out  of  the  forward  cushion  area  than 
anywhere  else.  This  last  fact  can  probably  account  for  the  decreased 
pressure  under  the  forward  portion  of  the  trunk  as  compared  to  the  rear 
portion. 

Figures  43  to  48  show  pressure  footprints  with  loads  above  normal 
hover  weight.  Note  that  pressures  beneath  the  forward  trunk  and  cushion 
are  about  1  to  2  psf  higher  than  aircraft  cushion  pressure;  and  the  addi¬ 
tional  load  is  now  causing  part  of  the  rear  trunk  to  flatten  out,  which 
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Fig.  41.  Pressure  Footprint,  5  lbs  Load  on  ACLS 
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Pressure  Footprint,  39.1  lbs  Load  on  ACLS 
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Mg.  43.  Pressure  Footprint,  59  lbs  Load  on  ACLS 
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Fig.  45.  Pressure  Footprint,  100  lbs  Load  on  ACLS 
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Is  demonstrated  by  a  sharp  Increase  in  pressure  on  the  floor  to  a  point 
very  near  or  equal  to  trunk  pressure.  As  more  load  is  applied,  the  trunk 
flattening  area  becomes  larger,  and  the  distance  over  which  the  increased 
pressure  on  the  floor  is  being  felt  also  increases.  This  distance  is  a 
measure  of  the  width  of  the  rear  trunk  flattening.  Note  that  the  port 
side  of  the  floor  pressure  is  near  cushion  pressure,  indicating  no  trunk 
contact  for  all  loads.  In  general,  the  floor  pressure  was  slightly  higher 
than  aircraft  cushion  pressure,  unless  the  trunk  flattened,  in  which  case 
floor  pressure  approached  or  equalled  trunk  pressure. 

If  enough  taps  were  available  to  measure  around  the  entire  surface 
beneath  the  model,  one  could  obtain  an  approximate  shape  of  the  trunk 
flattening  or  contact  area  by  noting  the  distance  over  which  the  floor 
pressures  approach  the  trunk  pressure.  A  plot  could  then  be  laid  out 
shewing  the  approximate  trunk  flattening  or  contact  area  where  high  pres¬ 
sures  were  recorded.  A  measurement  of  this  nature  would  require  more 
equipment  and  a  more  elaborate  pressure  recording  procedure.  Based  on 
data  gathered  from  pressure  footprint  tests  of  this  report,  the  trunk 
contact  a;ea,  for  model  loading  over  the  center  of  gravity,  probably  takes 
on  an  approximate  shape  as  shown  In  Fig.  4J.  The  aft  portion  of  the 
trunk  from  the  center  of  pressure  location  aft,  begins  contact  with 
increasing  area  towards  the  rear.  This  total  area  Increases  with 
Increasing  load, 


Fig.  49.  Shape  of  Trunk  Contact  Area 


V.  Static  Braking  Tests 


Introduction 

Braking  of  an  ACLS  equipped  aircraft  was  briefly  described  In  the 
Introduction  of  this  report.  In  order  to  brake  tho  aircraft,  cur.moo 
pressure  must  be  decreased  allowing  a  portion  of  aircraft  weight  to  be 
shifted  onto  the  brakes.  The  cushion  pressure  is  decreased  by  inflating 
brake  pillows  which  increase  in  height  from  the  ground.  Raising  the 
trunk  allows  more  cushion  air  to  escape,  thus  decreasing  cushion  pressure. 
Cushion  pressure  can  then  be  thought  of  as  a  function  of  brake  height, 
and  It  is  Important  to  know  how  much  brake  height  is  necessary  to  achieve 
a  cushion  pressure  which  will  allow  the  aircraft  to  decelerate  at  a 
desirable  rate  when  brakes  are  applied.  To  determine  this  relationship 
of  brake  height  to  cushion  pressure  and  deceleration,  braking  tests  were 
conducted  on  the  tenth-scale  model.  Data  discussed  ir  Lhls  report  up  to 
this  point  have  shown  the  responses  and  effects  of  the  ACLS  to  a  landing 
or  hovering  attitude.  The  brak  .g  data  enhance  the  previous  results  Dy 
showing  the  static  responses  and  effects  of  the  ACLS  In  a  braking  or 
decelerating  mMe.  The  braking  tests  conducted  were  of  a  static  nature 
which  demonstrate  the  effects  of  brake  height  on  cushion  p-essu  e  trunk 
pressure,  and  drag  or  deceleration. 

Equipment  and  Procedures 

Brakes  were  simulated  with  wooden  blocks  and  rubber  pads  for  each 
brake  height  according  to  dimensions  shown  in  Fig.  50.  The  ACLS  Is  designed 
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Brake  Pillows 


I'  use  six  dI  those  brake  1*111  ows  attached  to  the  (if!,  portion  of  the 
t  uck,  os  w.i Vi  shown  in  the  Introduction  to  till:*  report  (see  Mg,  1). 
lusts  worn  conducted  at  six  brake  heights;  0  0,  il.f*?,  1.0H,  1.56,  ;!  08, 
ond  . oO  inches,  I ,*u.  hiding  rubber  noils.  An  axplanat  ion  the  broke 
simulation  and  attachment  Is  found  In  Appendix  i 

Before  brake;;',  are  applied,  tlu;  full-scale  aircraft  would  hove  an 
IGL  trunk  pressure  equal  to  .j4B  psfg.  Applying  brakes  would  change  trunk 
and  cushion  pressures.  To  simulate  a  similar  situation  (he  model  had  to 
tie  set  'into  an  IGt  design  mode  with  trunk  pressure  equal  to  LM  psfg,  It'd., 
without  brakes.  Brake  bkcks  had  to  be  attached  to  the  Inflated  trunk 
while  the  model  was  above  tin'  platform,  out  of  ground  effect.  Previous 
tests  had  shown  -hot  whenever  the  , node  I  was  raised  out  of  ground  effect 
from  the  hover  condition  at.  a  trunk  pressure  of  14  psfg,  Hit,  the  trunk 
pressure  would  drop  to  Bo  psfg,  OC.f .  Therefore,  for  braking  tests  the 
model  was  set  at  26  psfg,  Ot.;:  .  If  broker  were  not  attached,  raising  the 
trunk  above  the  platform  floor,  trunk  pressure  would  have  returned  to 
j 4  psfg  when  the  model  was  lowered  to  the  hover  condition,  IGt.  With 
this  procedure,  the  proper  IGt  design  mode  could  be  easily  obtained  with 
the  brakes  attached.  For  each  brake  height,  tested,  cushion  pressure  and 
trunk  pressure  were  measured  from  the  water  manometers.  In  addition,  the 
model  was  pulled  at  Its  center  of  gravity,  and  the  force  required  to  timke 
the  model  just  begin  to  move  was  measured  by  use  of  a  spring  scale  with 
a  range  from  0  to  25  pounds.  The  force  measured  was  a  static  drag  or 
frictional  force.  The  coefficient  of  friction  between  the  rubber  pads  of 
the  brakes  and  the  brown  paper  surface  on  the  platform  was  found  to  be 
0,8,  which  Is  a  typical  coefficient  of  friction  between  a  normal  runway 
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rtiui  the  Aid  !».  A  lyplv.il  tost  run  ions  Is tod  of  rtt.t.nhlny  >'Crtkt!  blocks, 
adjust  lay  trunk  pressure,  lowering  the  modol  onto  the  platform,  inert  so  rimj 
trunk  and  cushion  pressures ,  pulling  l-he  mode!,  and  iiwasuM ny  drag  or 
force  of  that  pun.  Morn  details  on  procedures,  equipment,  and  data 
reduction  .ire  found  lu  Appendix  I. 

kosujt'i 

During  Initial  pull  tests  on  brake  heights  of  2.60  and  2, OB  Inches, 
It  was  noticed  that  tiui  two  most  forward  brakes  would  p1«at  around  their 
forward  edge  as  shown  In  fig.  6'.  This  lilting  prevented  the  proper  area 


My.  51.  forward  Brake  Tilting 


from  being  In  contact  with  the  surface.  The  tilting  is  due  to  the  solid 
construction  of  ihe  simulated  brake  pillows.  Full-scale  brake  pillows, 
constructed  of  an  elastic  material,  would  compress.  In  order  to  simulate 
that  compression,  the  forward  wooden  blocks  for  each  of  the  two  heights 
mentioned  were  modified  as  shown  in  Mg.  52.  The  edge  of  the  block  was 
sanded  down  until  proper  contact  area  of  2.54  square  inches  was  obtained. 
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Mg.  52.  forward  Brakes  Modification 

Thu  blocks  were  placed  In  this  condition  only  for  pull  tests  to  obtain 
a  proper  dray  value  on  a  required  contact  area.  The  overall  height  of 
the  six  brakes  at  2.60  Inches  and  2.08  Inches  was  not  altered  during  the 
pull  by  this  adjustment.  Cushion  and  trunk  pressures  were  obtained  before 
and  after  the  adjustment,  and  these  also  did  not  change.  The  blocks  of 
the  lower  brake  heights  did  not  exhibit  this  compressing  effect  at  the 
first  motion  of  the  model  and  were  not  altered. 

Figure  S3  shows  how  brake  height  affects  trunk  and  cushion  pressure. 
Cushion  pressure  decreased  most  rapidly  between  0.57  and  1.08  Inches  of 
brake  height,  Indicating  a  possible  transition  point  between  these  two 
brake  heights  which  greatly  affects  the  cushion  pressure.  This  transition 
is  probably  attributable  to  a  critical  distance  above  which  the  jet  cur¬ 
tain  around  the  trunk  periphery  ceases  to  provide  a  seal  to  maintain  a 
high  cushion  pressure.  When  the  jet  curtain  is  broken  In  this  manner, 
the  cushion  pressure  Is  decreased.  Trunk  pressure  decreased  as  brake 
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height  was  Increa^d  to  1.56  inches  and  then  leveled  off  and  gradually 
Increased  with  increasing  brake  height.  As  brake  height  was  increased 
the  model  began  pitching  forward;  and  above  1.56  inches  of  brake  height 
the  forward  portion  of  the  trunk  began  to  compress  and  flatten,  causing 
the  increase  in  trunk  pressure. 

The  effects  of  brake  height  on  static,  drag  are  shown  in  Fig.  54. 
Note  the  sharp  increase  in  drag  for  brake  heights  from  0.57  inches  to 
1.08  inches.  The  rapid  decrease  in  cushion  pressure  within  this  region 
has  placed  more  load  on  the  brakes,  forcing  the  brake  drag  of  the  model 
to  Increase.  Additional  brake  height  above  l.Ud  inches  does  not  increase 
dray  appreciably. 

Deceleration  rates  for  each  brake  height  were  calculated  from  the 
drag  data.  The  method  of  calculation  is  found  in  Appendix  E.  Figure 
55  shows  the  effects  of  brake  height  on  deceleration  in  terms  of  ge's 
(1  ge  *»  32.2  ft/sec2).  Deceleration,  being  a  function  of  drag,  follows 
the  same  pattern  as  drag,  showing  a  rapid  increase  up  to  1,08  inches  of 
brake  height.  Above  that  point  deceleration  is  almost  constant  at 
approximately  0.34  a.  The  increase  in  brake  height  had  no  substantial 
effect  on  the  deceleration  rate  above  1.08  inches  of  brake  height,  and 
thus  brake  heights  above  that  point  provide  no  worthwhile  improvement  in 
braking. 

Figures  56  tc  60  are  photographs  of  the  starboard  side  of  the 
me  del  showing  the  brakes  attached  to  the  trunk.  Figures  59  and  60  show 
the  rear  portion  of  the  trunk  above  the  floor  for  brake  heights  of  2.60 
and  2.08  inches,  respectively  (numbers  shown  on  model  are  approximate 
brake  heights).  The  rear  trunk  was  raised  by  the  brakes  approximately 
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Fig.  60.  Starboard  View  of  Brakes,  .57  Inches 


1.5  Inches  above  the  floor  for  the  2.6C  inches  brake  height  and  approxi¬ 
mately  3/4  inch  for  the  2.08  inches  brake  height.  At  other  brake  heights, 
the  rear  portion  of  the  trunk  maintained  its  normal  hover  attitude. 

The  amount  of  load  being  carried  by  the  brakes  can  be  calculated 
if  the  trunk  area  contact  i's  assumed  to  be  zero.  With  trunk  area  being 
zero  the  equilibrium  equation  discussed  in  Chapter  IV  becomes 

Wa  -  PCAC  +  Fb 

where  Fb  is  the  vertical  load  on  the  brakes.  The  air  cushion  provides 
negligible  friction;  therefore,  the  drag  on  trie  system  during  braking  is 
entirely  due  to  the  brakes,  and 

Fb  ~  Drag/;i  (5) 

From  the  braking  data,  it  was  apparent  that  trunk  contact  area 
only  began  above  1.56  inches  of  brake  height.  This  fact  was  observed  In 
increased  trunk  pressure  above  1.56  inches  as  was  discussed.  Thus,  up 
to  1.56  inches,  the  load  on  the  brakes  may  be  calculated  as  shown  above. 
This  calculation  reveals  that  the  ■  '<oport  as  much  as  42%  of  the 

total  load  at  1.56  inches  of  •  ,bove  that  height  the  trunk 

begins  to  support  a  portion  rreased  brake  height  offers 

no  advantage  to  braking  or  dece;..  ..-s  discussed. 


VI.  Conclusions  and  Recommendations 


Conclusions 

An  experimental  investigation  of  the  Air  Cushion  Landing  System 
has  been  conducted  with  a  one-tenth  scale  model  of  the  CC-115  ACLS  equipped 
aircraft.  The  collected  data  have  revealed  the  following  conclusions: 

1.  The  cushion  absorbs  most  of  the  impact  load  due  to  the  vertical 
velocity  at  all  full-scale  sink  rates  from  u.u  to  12.5  fps  except  for  a 
12.0  degree  initial  pitch  attitude  with  and  without  roll.  Pitch  attitudes 
of  12.0  degrees  caused  the  hard  structure  of  the  model  to  make  contact 
with  the  floor.  A  comparison  of  the  long  and  short,  trunk  tests  revealed 
that  trunk  pressures  and  center-of -gravity  loading  were  as  much  as  36% 
higher  in  the  AFFDL  and  Bell  short  trunk  drop  tests  as  compared  to  the  long 
trunk  tests  of  this  report.  Cushion  pressures  of  the  AFFDL  and  Bell  short 
trunk  tests  were  as  much  as  20%  higher  than  long  trunk  tests. 

2.  Vertical  stiffness  of  the  tenth-scale  long  trunk  was  approximate!. 
125  pounds  per  Inch  of  trunk  deflection  between  20  and  75  pounds  of  load  on 
the  ACLS. 

3.  Forward,  or  positive,  pitch  stiffness  was  found  to  be  about 
88%  greater  than  the  aft  pitch  stiffness  of  3.3  foot-pounds  per  degree  of 
pitch.  Roll  stiffness  Increased  with  increasing  angle  up  to  4b  Inch-pounds 
of  required  torque  for  a  16-degree  roll  angle. 

4.  Up  to  loads  of  4.1  times  the  model  weight  the  pressure  footprint 
of  the  ACLS  never  exceeded  the  trunk  pressure  at  that  loading.  The  trunk 
pressure  of  the  model  at  4.1  times  the  model  weight  was  55  psfg. 
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5.  Braking  tests  revealed  that  brake  pillows  above  1.08  incries 
of  tenth-scale  brake  height  did  not  increase  deceleration  rates  beyond 
about  0.34  g. 

Recommendations 

Based  on  the  results  of  this  study  the  following  recommendations 
are  made: 

1.  Data  from  the  drop  tests  revealed  differences  in  AC-LS  responses 
between  the  tenth-scale  model  and  the  quarter-scale  model  due  to  the  dif¬ 
ferent  fan  character! sties  of  the  two  models.  An  investigation  should  be 
made  to  observe,  how  the  ACLS  is  affected  by  the  use  of  a  centrifugal  flow 
fan  air  supply  as  opposed  to  an  axial  flow  fan  air'  supply.  The  investi¬ 
gation  should  also  reveal  the  benefits  and  disadvantages  to  ACLS  of  the  one 
system  as  compared  to  the  other. 

2.  Theoretical  computer  models  of  the  ACLS  should  he  developed 
incorporating  the  results  gathered  from  this  study. 
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AlTINlUX  A 


l)etdf'|i\<imtjon  of  Mod^l  M'li  UrRy.  and  t.qyipnuint  Iny^a'lnMon 
]  nRpduM.1q|\ 

lhi*  Appendix  ilr?j,c r i t>a ^  how  tho  tantli- scale  model  w»n  checked  and 
Adjusted  to  hu  1 1  desired  geometric  ami  dynamic  similarity  to  Us  full- 
scale  counterpart .  In  .idUUton,  spec Ificatians  ai\U  locations  of  All 
equipment  installed  in  the  model  are  provide!. 

!‘jrys1c«l_  l) jnien^j on$  of  ..the.  Miyjel..  and .  J.fMnk 

All  physical  dimensions  sue  as  wingspan,  fuselage  1  eiu; th  Ami 
width,  rttui  trunk  length  worn  checked  and  verified  as  being  equivalent 
to  ful  1  ■  scale  d  linens  ions  l>y  using  tlw  seal  Irg  parameters  found  In  labie 
1  of  Chapur  1,  1  ho  trunk  was  constiucted  l>y  the  He  1 1  Aarospcn  »>  Company, 

ft  mi  Its  spec  I  f  hot  Ions  the  Old.  Inflated  condition  (trunk  pressure  « 

32  psfy)  are  found  in  My  til. 

j» klM  1  PMtgQ t  Instftl  1  a t i on 

Before  adjusting  the  model  ivuer  of  gravity  location,  all  neces- 
5 ary  equipment  was  installed  in  the  model.  This  equipment  consisted  of 
the  centri fuyal  fans,  the  motor  to  rotate  the  fans,  two  pressure  trans¬ 
ducers,  and  four  accelerometers.  The  fans  and  the  motor  wore  described 
In  Chapter  II.  Specifications  on  the  pressure  transducers  and  the 
accelerometers  are  as  follows: 

Pressure  Transducers  (2); 

Statham  Differential  Pressure,  Bellows  Transducer 

Model  PL  283TC-0. 5-350 

Range:  r  0 . 5  psi 

Low  side  canted  t.o  atmosphere 
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llr 

II  (Inches) 

Forward  centerline 

;i-3/4 

Forward  straight 

4- :i/a 

Mid 

4-1/4 

Aft  straight 

4-1 /a 

Aft  centerline 

3-1/2 

dlrth  from  A  t.o  B  (Inc  ha  a) 
forward  centerline 
Forward  straight 
Aft  straight 
Aft  centerline 


11-5/a 

14-1/4 

14-1/4 

11*1/4 


Jet  nozzles ,  Aj 

Diameter  of  each  (Inches) 
Total  Aj  urea  (sq  Inches) 
Distance  Sy  (Inches) 
Distance  3q  (Inches) 


0.034 

3.32 

3.075 

0.615 


Cushion  vent  orifices,  Av.v 
Number  of  holes 


34 


Diameter  of  each  he  1 c  (inches)  0.5 
Trunk  length,  L  (Inches)  38-1/16 


Fig,  61.  Trunk  Specifications  of  Tenth-Scale  Model  (From  Ref  1:361) 

93 


. .  "W*  »  •*->vrO. 


•Vt  ci  I  tx'omfif  oi'i  (*!)• 

Consol  lOrttoO  I  1  pi  i  rodynamk  %  uu  out  at  Ion 
Modal  4‘?0f-U«Un 
Kange :  t  6  o 1  s 

I  he  location  of  this  oqulpmant  on  tha  modal  la  found  In  Fig,  t\2,  In 
addition  to  this  equipment,  plastic  tolling  was  lad  from  the  model  to 
the  manometers  to  measure  static  trunk  and  static  cushion  pressure 
directly  when  the  model  was  In  an  equilibrium  condition.  This  tubing 
arrangement  U  also  fhown  in  My.  62.  Although  taps  for  cushion  pressure 
measured  by  the  transducnr  and  the  manometer  were  at  two  different  loca¬ 
tions,  the  resulting  values  of  the  two  locations  were  equal.  The  center 
of  gravity  accelerometer  was  placed  as  close  to  the  model  center  or 
gravity  as  poss.ble.  The  ran  motor  location  prevented  the  accelerometer 
from  being  exactly  at  the  center  of  gravity. 

Weight  and  Center  of  Gravity  Determination 

After  all  equipment,  excluding  plastic  tubing,  was  Installed,  the 
model  was  weighed  on  a  Toledo  ale  which  has  a  range  from  0  to  800 
pounds  in  1/2-pound  Increments.  The  model  weighed  30.0  pounds.  The 
model  was  left  at  this  weight  to  adjust  the  center1  of  gravity  location. 

The  model  center  of  gravity  was  fixed  and  checked  In  each  of  three  axes 
as  shown  by  Fig.  63.  First,  the  location  in  the  x-axIs  was  adjusted  by 
balancing  the  model  on  two  pivot  points  on  the  port  and  starboard  sides 
of  the  fuselage  at  the  desired  center  of  gravity  location.  Small  weights 
were  addeu  and  subtracted  at  various  locations  on  the  model  until  It  was 
perfectly  balanced  on  the  pivoting  stand  as  shown  In  Fig.  63.  To  establish 
the  center  of  gravity  location  In  the  y  and  z  directions,  the  model  was 
suspended  by  an  eyelet  hook  In  its  tail  via  parachute  cable  from  a  beam 
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above  ttui  floor,  and  tho  model  was  allowed  to  hang  freely.  Next,  a  string 
with  a  plumb  bob  was  dropped  along  planes  parallel  to  the  y  and  2  piano 
directions  as  shown  In  Fig,  63.  For  the  z  direction,  it  was  desired 
that  the  plumb  bob  line  would  Intersect  the  already  fixed  x  center  of 
gravity  point,  as  It  so  did,  In  the  y  direction,  it  was  desired  that 
the  plumb  line  would  fall  along  the  longitudinal  centerline  of  the  model, 
as  It  also  did.  The  model  was  again  weighed,  and  additional  weight  was 
added  to  the  model  center  of  gravity  location  to  bring  the  model  weight 
up  to  the  desired  39.1  pounds.  To  insure  that  the  center  of  gravity  had 
net.  changed,  the  procedure  to  adjust  the  center  of  gravity  was  repeated, 
and  no  changes  were  found  to  be  necessary. 

Moments  of  Inertia 

After  the  weight  and  the  center  of  gravity  were  fixed,  the  moments 
of  inertia  of  the  model  were  experimentally  obtained  in  roll,  pitch,  and 
yaw.  To  accomplish  this  measurement  the  model  was  hung  from  a  support  as 
shown  In  Fig.  64  In  each  of  the  roll,  pitch,  and  yaw  planes.  Hung  in  this 
manner,  the  model  was  deflected  from  its  equilibrium  position  in  each 
case  and  allowed  to  freely  oscillate  in  the  roll,  pitch,  and  yaw  planes. 
The  model  was  allowed  to  oscillate  for  a  specific  number  of  cycles,  one 
cycle  consisting  of  the  swing  from  one  side  of  an  arc  to  the  other  and 
back  to  its  Initial  position.  While  the  number  of  cycles  was  counted, 
an  electric  timer  was  used  to  measure  the  duration  of  the  specified  number 
of  cycles.  In  this  manner  the  frequency  of  oscillation  was  obtained, 
thn  Inverse  of  which  is  the  period  of  oscillation  T.  Once  the  p^lod, 
the  weight  or  mass  of  the  model,  and  the  pivot  point  distance  fr^.i  the 
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I  *  7.81  I  nches 


Z  = I . 12  inches 


center  of  gravity  were  known,  the  moments  of  inertia  about  the  three  axes 
of  pitch,  yaw,  and  roll  could  be  calculated  using  the  following  equation 
for  each  plane; 


I 


is 


Mge02 

4ir2 


-  M£2 


(A-l ) 


In  order  to  obtain  the  period  by  this  method,  it  was  assumed  that 
drag  on  the  model  during  oscillation  was  negligible.  This  experimental 
procedure  was  performed  several  times  in  each  plane  In  order  to  verify 
the  results.  The  moments  of  inertia  of  the  model  were  found  to  be: 

Pitch:  2.71  slug  ft2 
Roll:  2.05  slug  ft2 
Yaw:  4.55  slug  ft2 
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APPENDIX  B 

Equipment,  Procedures,  and  Data  Reduction 
For  Drop  Tests  (OGE  and  IGE) 

Introduction 

This  appendix  discusses  the  electronic  equipment,  the  procedures, 
and  the  data  reduction  used  to  conduct  the  drop  tests  of  Chapter  III, 

The  discussion  applies  to  both  OGE  and  IGE  drop  tests. 

Recording  Equipment 

In  order  to  gather  pressure  and  g-load  data  during  a  drop  test, 
two  pressure  transducers  and  four  accelerometers  had  to  be  Installed  In 
the  model  as  was  explained  in  Appendix  A.  The  signals  from  these  devices 
were  calibrated  and  then  transmitted  as  shown  by  the  schematic  in  Fig.  65. 


Fig.  65.  Electronic  Signal  Path 
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The  calibrated  signals  from  these  devices  were  fed  into  a  Bell  and  Howell 
Datatape  recorder  and  signal  conditioning  unit  where  they  were  converted 
Into  electronic  Impulses.  These  impulses  were  then  recorded  on  magnetic 
tape  for  later  reproduction,  if  desired.  At  the  same  time  the  conditioned 
signal  was  also  fed  into  a  30  cycles  per  second  filter  to  eliminate 
undesirable  noise  in  the  signal.  From  that  point  the  filtered  signal  was 
fed  into  a  Honeywell  Visicorder  model  906A1680GH.  Filters  with  frequencies 
above  and  below  30  cps  were  tried  and  were  found  to  either  Include  too 
much  noise  due  to  fan  rpm  or  to  eliminate  data  peaks  that  were  considered 
important.  The  visicorder  transformed  the  filtered  signal  into  traces  on 
Kodak  Llnagraph  Direct  Print  Paper,  which  was  6  inches  wide.  All  six 
signals  or  traces  were  recorded  on  the  6  inch  wide  paper  but  were  easily 
discernible  for  data  reduction.  Attached  to  the  Visicorder  was  a  Honeywell 
Timing  unit  which  provided  timing  lines  across  the  width  of  the  paper  every 
0.01  seconds.  The  paper  was  run  in  the  Visicorder  at  50  inches  per  second 
for  each  drop  test.  Data  reduction  was  performed  directly  from  the  traces 
of  the  Visicorder.  The  process  of  data  reduction  and  accuracy  will  be 
explained  shortly. 

Model  Support  Cables 

The  model  was  supported  by  three  points  as  shown  In  Fig.  66. 
Parachute  cord  was  used  to  attach  the  three  points  at  one  central  point. 
This  arrangement  allowed  pitch  attitude  to  be  adjusted  by  use  of  the 
forward  or  nose  cable  and  roll  adjustment  by  use  of  the  port  and  starboard 
cable.  From  the  central  point  another  parachute  cord  was  tied  and  fed 
through  an  overhead  pulley  held  up  by  an  overhead  hoist.  The  cable  through 
the  pulley  was  fed  onto  a  shaft  of  a  Boston  gear  reduction  unit  with  a  30 
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to  1  ratio.  The  gear  reducer  was  located  on  the  floor  of  the  platform. 

In  this  manner  the  overhead  hoist  was  used  for  coarse  height  adjustment 
and  the  gear  reducer  for  fine  adjustment.  Cabling  and  pressure  tubing 
to  the  model  was  supported  by  the  overhead  hoist  in  such  a  way  as  not  to 
interfere  with  the  model  motion  or  weight  during  a  drop  test.  The  model 
was  released  at  the  desired  time  by  cutting  the  cable  tied  to  the  gear 
reducer  with  a  pair  of  scissors. 

Photography 

Two  high-speed  cameras  (500  frames  per  second)  were  situated  as 
shown  in  Fig.  67  for  the  drop  tests.  Cameras  1  and  2  were  used  for  I6E 
tests,  and  cameras  1  and  3  for  OGE  tests.  Position  of  the  cameras  was 
changed  for  the  OGE  tests  merely  to  provide  a  different  view  of  a  drop  test. 


by  placing  a  known  air  pressure,  measured  by  a  water  manometer, 
directly  to  the  measuring  port  of  each  transducer.  At  each  pressure 
of  0,  5,  10,  and  12  Inches  of  water  the  corresponding  signal  was 
recorded  on  the  Vislcorder  paper  and  its  pressure  value  noted.  The 
accelerometers  were  calibrated  using  the  normal  force  of  gravity  due 
to  the  earth,  and  the  fact  that  the  accelerometers  measure  acceleration 
only  in  the  plane  in  which  they  are  mounted.  When  the  model  was  level, 
all  accelerometers  except  that  on  the  longitudinal  axis  were  considered 
at  +1  g-load  due  to  the  1  ge  Of  gravity.  The  longitudinal  accelerometer 
was  considered  at  0  ge  acceleration.  To  obtain  a  -1  g-load  deflection 
on  all  but  the  longitudinal  axis  accelerometer,  the  model  was  turned 
upside  down;  and  to  record  a  +1  ge  acceleration  on  the  longitudinal 
axis  and  0  g-load  on  the  remaining  accelerometers,  the  model  *as 
placed  on  its  nose  perpendicular  to  the  base  of  the  longitudinal 
accelerometer.  This  method  is  effective,  since  the  accelerometers  only 
measure  loads  or  accelerations  along  the  perpendicular  axis  to  which 
they  are  mounted.  Thus  when  this  axis  J  *,  placed  perpendicular  to  the 
ge  vector  through  the  floor  the  accelerometer  will  read  zero.  At  each 
position  mentioned,  the  output  siynal  was  recorded; and  its  g-load  or 
acceleration  value  noted.  Thus  for  each  value  of  pressure  and  g-load 
cr  acceleration  a  corresponding  deflection  of  the  line  trace  on  the 
Vislcorder  paper  was  measured  and  a  calibration  factor  developed  in 
terms  of  the  amount  of  pressure  or  g-load  per  inch  deflection.  The 
calibration  factors  for  each  series  of  drop  tests  ar°  listed  on 


Test 

PT 

Pc 

6n 

% 

.  y . 

Number 

(psfy/inch) 

(psfg/ inch) 

(g/inrh) 

( 3/ Inch) 

(u/tnch) 

(y, Inch) 

1  -9 

32 

21 

2.0 

2.0 

2.0 

2.0 

10  -  11 

32 

21 

2.0 

2.0 

2.0 

.'.0 

12  -  16 

32 

20 

1.9 

2.0 

1.8 

4.0 

20  -  29 

31 

20 

1 .9 

2.0 

1.9 

2.0 

30  -  43 

32 

22 

2.1 

1.9 

1.9 

2,2 

Note: 

Grr-nose  accelerometer;  Gw- 

-port,  nacelle  accel 

o remoter ; 

Gj—  longitudinal  accelarometer. 


Trunk  Pressure,  Cush  1  on _P res sure, 

Fan  rpm~,  and  Dafome tR c~Tre s sure 

Initial  trunk  pressure  had  to  be  adjusted  to  34  psfcj  (6,6  Inches 
of  water)  for  IGF  tests  and  32  psfg  (6.05  Inches  of  water)  for  OGE 
In  each  cose  the  desired  trunk  pressure  was  obtained  by  covering  the  vent 
holes  In  the  cushion  cavity  as  shown  In  Fig.  (.8.  These  holes  were  covered 
using  masking  tape.  Fourteen  holes 
were  covered  for  the  OGE  mode  and 
two  holes  for  the  IGE  mode.  Cover¬ 
ing  the  holes  restricts  air  flow 
out  of  the  trunk,  thereby  increas¬ 
ing  trunk  pressures  and  decreasing 
air  supply  to  the  cushion.  The  de¬ 
sired  trunk  pressures  were  obtained 
with  fans  rotating  at  8600  rp-n  simu¬ 
lating  a  640  full-scale  horsepower 

supply.  Trunk  pressure  in  the  equilibrium  condition  was  measured  by  a 
Merlam  Type  W  wate  manometer  with  a  range  from  0.0  to  40.0  inches  of 
water.  Cushion  pressure  was  measured  1r,  the  same  condition  using  a  15 


ige  mode: 


pig.  68.  Trunk  Vent  Holes 
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tan  rpm  was  measured  by  means  uf  u  nrneral  Pad  lu  f  ontpa  t,y  strobovrlope 
with  .t  ran yw  from  trtti  to  l'h,0t)U  rjmi  anil  at  curate  t n  the  hear  *H  Kit)  rpm. 

I  he  strubovcope  light  was  it  I  ret  tea  onto  tie  Un  blade*  and  the  light.  foe- 
ipiem'y  adjusted  until  tie  fan  blades  eared  stationary.  At  M;at  time 

the  fan  it  .1  was  recod'd  f»om  ,  ne  stroboscope,  iiarofo&tr K  prua&uru  was 
recorded  from  a  Hass  lirntliers  Instrumentation  ('nmpany  mor  cury-t  1 1  led 
barometer,  the  barumetor  provided  atmospheric  pressure  to  the  nearest 
0.1  mm  of  mercury  In  aildltloo  a  the' monte  ter  was  attached  to  the  barometer 
t.o  ylv  tempera  It  re  In  degrees  centigrade  to  the  nearest  n.b  degrees. 

Roll  and  I'Ucli  Att; lituie  Adjustment 

Roll  <tnd  pitch  angles  worn  obtained  as  shown  in  Itg,  no.  I  ho  model 
was  first  set  so  that  it  was  pectin t l>  level  above  the  floor,  i ,  e ,  ,  Its 
roll  and  pitch  axes  were  parallel  t<-  il.c  floor  of  the  platform.  tor  a 
roll  of  - 7 . i>  degrees, a  liniylit  di'teroiic.e  of  1 . 4 •  indies  tor  the  center 
of  gravity  markers  on  the  fuse  I  ays  was  necessary. 

The  model  was  rolled  by  adjusting  the  port  aim  starboard  support 
cables  until  this  height,  dWitroucu  was  reached  within  '.00b  Inches.  A 
19-1nc.ii  brown  and  Sharp  si.ee  1  vernier  wijulpued  ruler  accurate  to  O.'.OI 
Indies  was  used  to  make  these  measurements  in  roll  and  pitch.  For  pitch,  a 
distance  of  1.00  feet  from  the  . enter'  of  gravity  was  measured  along  the  port 
fuselage  on  a  line  parallel  to  the  longitudinal  cunter-of-gravl  ty  a, os.  I  hen 
for  6.0  degrees  and  15.'. 0  degrees  of  pHcli,  a  roouired  height  difference  of 
l.Sii  Inches  and  1.1P  Inches,  respect  ivoly,  was  measured.  I  he  forward  cable 
was  adjusted  until  tin-.  height  riimw. •• 


.xvi.i  v.  1 1.»: hi  *  .(KM)  Inches.  For 


combined  pitch  and  roll,  the  desired  attitude  of  the  model  was  that  Urn 
longitudinal  center-of-gravlty  axis  be  at  a  specific  pitch  angle  with 
the  platform  and  that  the  model  also  be  rolled  about  the  Inclined  longi¬ 
tudinal  axis.  To  obtain  this  desired  position, It  was  necessary  to  roll 
the  model  first  around  the  longitudinal  axis  as  was  mentioned  above  for 
pure  roll.  Then  with  the  desired  roll  angle  adjusted,  the  longitudinal 
axis  was  Inclined,  or  pitched,  vertically  away  from  the  floor  of  the 
platform  (see  f-'lg.  70)  using  the  method  for  obtaining  pure  pitch  as 
previously  described.  Thus  pitch  was  obtained  without  disturbing  roll. 

Sink  Rate 

In  order  to  simulate  the  desired  full-scale  sink  rate,  the  scaled 
value  of  sink  velocity  was  calculated  using  the  scaling  parameters.  Then 
by  use  of  Eq  1,  Chapter  III,  the  necessary  drop  heights  were  determined. 
The  drop  heights  for  each  full-scale  sink  rata  were: 


Full  Scale  Velocity 
(fps) 

Drop  Height 
(inches) 

12.5 

2.92 

11.0 

2.27 

8.0 

1.20 

fi.O 

0.47 

3.0 

0.17 

Wooden  blocks  were  constructed  to  the  required  dimensions  and  were  used 
as  gauges  to  obtain  desired  drop  height  between  the  floor  of  the  platform 
and  the  lowest  point,  on  the  inflated  trunk.  The  model  was  considered  at 
the  required  drop  height  when  the  trunk  just  touched  the  top  of  the 
wooden  block. 
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Checklist 

The  following  checklist  was  used  for  each  drop  test  run: 

I.  Design  Condition  Check 

A.  Check  fan  rpm 

B.  Check  trunk  pressure  and  cushion  pressure 

OGE  _ 

IGE _ 

C.  Shut  power  off 
II,  Attitude  Adjustment 

A.  Check  cable  support 

B.  Tie  cable  to  gear  reducer  pulley 

C.  Adjust  pitch 

D.  Adjust  roll 
III.  Test  Run 

A.  Turn  power  on 

B.  Check  trunk  pressure  (OGE  or  IGE) 

C.  Raise  model  with  hoist  to  approximate  drop  height 

D.  Place  model  at  desired  height  with  wooden  spacer  bar  and 
gear  reducer  pulley 

E.  Check  trunk  pressure  OGE  _ 

F.  Turn  on  magnetic  tape  recorder 

G.  Turn  on  cameras 

H.  Turn  on  Vislcorder  at  50  Inches  per  second 

I.  Cut  cable  support 

J.  Shut  off  Vlsicorder  at  +3  seconds  after  release 

K.  Shut  off  cameras  at  +5  seconds  after  release 
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L.  Shut  off  magnetic  tape  recorder 

M.  Measure  following  while  model  Is  IGE 

Fan  rpm  _ 

Trunk  pressure  _ _ _ 

Cushion  pressure  _ _ 

N.  Shut  off  all  power 

O.  Measure  barometric  pressure  and  temperature  of  atmosphere 


Data  Reduction 

Data  reduction  was  accomplished  directly  from  pressure  readings 
off  the  manometers  in  the  case  of  initial  equilibrium  trunk  and  cushion 
pressure  measurements  and  from  the  line  traces  of  the  Visicorder  in  the 
case  of  the  dynamic  pressures  and  g-loads.  Initial  trunk  and  cushion 
pressures  were  recorded  in  inches  of  water  to  the  nearest  0.1  inch,  but 
this  reading  was  converted  to  pounds  per  square  foot  to  the  nearest  psfg 
(1  inch  H20  =  5.2  psfg).  When  calibrations  on  the  electronic  equipment 
were  performed,  the  zero  point  of  each  pressure  transducer  and  acceler¬ 
ometer  was  noted.  To  reduce  the  traces  to  final  data,  the  deflection  of 
each  data  trace  from  the  zero  point  was  measured  with  a  ruler  graduated 
with  tick  marks  every  0.02  Inches.  Data  points  were  recoided  at  every 
0.01  seconds  and  also  at  peak  points  between  the  0.01  second  marks.  The 
deflections  were  recorded  and  then  multiplied  by  the  appropriate  calibra¬ 
tion  factors  listed  previously  to  obtain  final  data.  Final  data  contain 
the  same  number  of  significant  figures  as  that  of  the  multiplying  factor 
with  the  least  number  of  significant  figures.  Thus  final  data  are 
accurate  to  ±0.5  psfg  and  ±0.05  g-loads  for  pressure  transducers  and 
accelerometers,  respectively. 


Ill 


The  zero  time  from  release  point  was  determined  from  the  acceler¬ 
ometer  traces.  Before  release  the  model  Is  supported  above  the  platform 
In  a  stable  condition,  and  the  center-of-gravity  accelerometer  was  at  a 
+1  g-load  level.  When  the  model  Is  released,  the  downward  acceleration 
of  -1  ge  changes  the  accelerometer  trace  to  0  g-load  during  free  fall. 
Thus  the  zero  time  from  release  point  was  noted  as  the  first  deflection 
of  the  center-of-gravity  accelerometer  from  the  +1  g-load  position. 

Trace  readings  were  usually  made  on  the  0.01  second  marker.  The 
distance  between  each  marker  was  0.5  Inches,  since  the  paper  travel  was 
50  Inches  per  second.  Thus  to  obtain  time  between  the  0.01  second 
markers,  the  distance  from  the  previous  marker  was  measured  In  Inches  and 
multiplied  by  0.01  seconds/0.500  Inches  or  0.020  seconds  per  Inch,  and 
that  value  was  added  to  the  time  measured  at  the  last  marker.  Time  was 
thus  recorded  to  the  nearest  0.001  seconds. 
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APPENDIX  C 

IGE  and  OGE  Drop  Test  Data 

This  appendix  contains  data  from  the  IGE  and  OGE  drop  tests  not 
specifically  discussed  In  Chapter  III.  The  data  from  the  IGE  mode  are 
only  taken  from  the  key  events  of  release,  touch,  peak  pressures,  peak 
loads,  and  top  of  the  first  bounce  for  the  full-scale  sink  rates  of  11.0, 
8.0,  5.0,  and  3.0  fps.  Data  from  the  OGE  mode  consist  of  graphs  of  the 
12.5  fps,  full-scale  drops  at  the  attitudes  not  discussed  In  Chapter  III 
as  well  as  data  at  the  key  events  of  the  8.0  fps,  full-scale,  drops. 

Data  presented  at  key  events  are  placed  In  tabular  form  from 
Table  IV  to  Table  XXV,  while  graphs  are  found  from  Fig.  71  to  Fig.  75. 

The  time  In  the  tables  Is  that  from  time  of  release  of  the  model. 
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lifTiT 


l 


Release 

Touch 

Peak  trunk  pressure 
Peak  cushion  pressure 
Peak  Gc.g#-1oad 
Top  of  first  bounce 


fcc.g 

(g-load 


GE  Drop 


S,  (9=0. 
13) 


Time 

(sec) 


O.OGO 

0.114 

0.165 

0.174 

0.196 

0.345 


Event 

PT 

(psfg) 

Release 

25 

Touch 

25 

Peak  cushion  pressure 

47 

Peak  trunk  pressure 

50 

Peak  Gc.g.-load 

49 

Top  of  first  bounce 

2? 

TABLE  VI 

IGE  Drop  Test  Data,  11.0  fps 
(Test  No.  2 


nWiTiTil 
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Event 

PT 

(psfg) 

Release 

26 

Touch 

26 

Peak  trunk  pressure 
and  Gc> g^load 

58 

Peak  cushion  pressure 

56 

Top  of  first  bounce 

28 

Event 

PT 

(psfg) 

Release 

V 

Touch 

27 

Peak  trunk  pressure 

56 

Peak  Gcg>-load 

56 

Peak  cushion  pressure 

54 

Top  of  first  bounce 

31 

Pc 

(psfg) 


uc.g. 

(g-load) 
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Event 

pT  ! 

(psfg) 

Release 

27 

Touch 

27 

Peak  trunk  pressure 

45 

Peak  Gc  g  -load 

43 

Peak  cushion  pressure 

41 

Top  of  first  bounce 

28 

1.0  fDS,  0  » 
16) 


Event 

Pt 

(psfg) 

Release 

26 

Touch 

26 

First  peak  trunk  pres¬ 
sure  and  peak  Gc>q-load 

39 

Peak  cushion  pressure 
and  second  peak  trunk 
pressure 

43 

Top  of  first  bounce 

30 

Event 

PT 

(psfg) 

Release 

28 

Touch 

28 

Peak  cushion  pressure 

52 

Peak  trunk  pressure 

53 

Peak  Gc<g  -load 

52 

Top  of  first  bounce 

28 

'ABLE  XI 

,  8.0  fps,  0  » 
'est  No.  14} 


Event 

Pt 

(psfg) 

1 

Release 

25 

Touch 

25 

Peak  pressure 

50 

Peak  t  „  -load 
^  •  y » 

49 

Top  of  first  bounce 

28 

TABLE  XII 

IGE  Drop  Test  Data,  8.0  fps,  0  =  6.0,  <p  *>  0,0 
(Test  No.  23) 


Time 

(sec) 

Event 

m 

PC 

(psfg) 

Gc.g. 

(g-load) 

Release 

26 

0 

0.0 

Touch 

26 

4 

0.0 

0.174 

Peak  trunk  pressure 
and  Gc>g,-load 

53 

39 

3.2 

0.178 

Peak  cushion  pressure 

53 

41 

3.2 

0.338 

Top  of  first  bounce 

27 

2 

0.0 

TABLE 

XIII 

IGE  Drop  Test  Data,  8.0  fps,  6  »  6.0 
(Test  No.  20) 

,  cb  »  -7.5 

Time 

(sec) 

Event 

m 

wmrmm 

Gc.g. 

(g-load) 

0.000 

Release 

27 

0 

0.0 

0.095 

Touch 

27 

2 

0.0 

0.189 

Peak  trunk  pressure 

54 

35 

3.2 

0.201 

Peak  cushion  pressure 
and  GCg_-load 

52 

39 

3.3 

0.342 

Top  of  first  bounce 

28 

1 

0.2 
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TABU.  XIV 


IGE  Drop  Tost  Data,  8.0  fps, 
(Test  No.  1 


0  -  12.0,  * 
) 


0.0 


Time 

(sec) 

Event 

.,  <  .»n»»  U  1»- WUW  WHH 

f>T 

(psfy) 

>i—  .-»•.*  <»•«  «'ruv«ntn 

pc 

(psfy) 

®c .  9 . 
(y-lo«d) 

0.000 

Release 

26 

0 

0.0 

0.097 

Touch 

26 

O 

c 

0.0 

0.134 

First  peak  trunk 
pressure 

1 

42 

11 

3.0 

0.194 

Pea\  Gc<g-1oud 

41 

13 

3.4 

0.257 

Peak  cushion  pressure 
and  second  peak  trunk 
pressure 

43 

35 

2.4 

0.334 

Top  of  first  bounce 

24 

0 

0.0 

TABLE  XV 

IGE  Drop  Test  Data,  8.0  fps,  0  °  12.0,  4>  »  -7.5 
(Test  No.  17) 


Time 

(sec) 

Event 

P-r  j 

(psfg) 

Pc . 

(psfg) 

Gc .  g . 
(g-luad) 

0.000 

Release 

25 

0 

0.0 

0.093 

Touch 

25 

i 

0.0 

0.169 

First  peak  trunk 
pressure 

39 

5 

3.4 

0.174 

Peak  Gc>g-1oad 

37 

4 

3.8 

0.250 

Peak  cushion  pressure 
and  second  peak  trunk 
pressure 

41 

29 

1 .2 

0.360 

Top  of  first  bounce 

27 

0 

-J 

0.5 
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*  d"  HI 


TAMl.fi  kV5 

1Q£  Drop  Test  data,  8,0  fpi,  ft  -  0,0.  $  *  0,0 
(lest  No,  *9J 


ttruuiUw 

T  tine 
im) 

>  -V~*1 

t>j  (n  wn'r:,B,  )nre;uwt*r:js»ur*r*wcr*fc  iw»*n 

1  u  IK  U|  a>a»t ^ WM  y.AWAttfc*  r^t*T:  tv^~tvtr  r  a  VUTX 1  A*  | 

kvent 

>1  4,kT(vV*»M-*\rt  <  »  ^  tr**  'T*  A 

pT  ; 

(Plffl) 

-  r~ »  ivvrt  \\  tTJl  ’.*  9&«S»\  i\ » 

— «  t-T-i  tnnrAtL  1*»  1' 
T-f -5TT tS’lfTn-J'JiW’-  •U  . 

*c 

(PM^) 

Mr  « j 

1  ’>AWcAi  ‘ 

^e.g, 

(«* load! 

-  v-,  y»  »»n  r-.yrTT«gc?^,T»rr«-i 

0.000 

Relo«S‘ 

U 

0 

0,0 

0.04? 

Touch 

n 

4 

0.0 

0.109 

Peak  0..  ..  load  and 
peak  cushion  pressure 

4; 

U 

2, ft 

0,120 

Peak  trunk  pleasure 

40 

38 

2,8 

0,224 

Top  of  first  Pounce 

20 

6 

0,2 

»*«»♦*  -»*VnKr\»!rt  n 

TABU  XV 11 

iGii  Drop  . 'St  Data,  5.0  fps ,  0  *  12. 

(Test  No,  10) 

0,  4>  “•  0.0 

T  line 

Ivent 

Pt 

f’c 

**C  ,y , 

(Stic) 

(psfg) 

(psf'a) 

(p-load) 

0.000 

Release 

26 

0 

0.0 

0.083 

Touch 

26 

* 

0.0 

0.172 

First  peak  trunk 
pressure  and  GCiVj;load  j 

39 

12 

2.8 

0.242 

Peak  cushion  pressure 
and  second  peak  trunk 
pressure 

43 

35 

2.4 

0,347 

Top  of  first  bounce 

25 

1 

0.0 

120 


A  :.l- li_»->-1a.--»“«  »■—  Li-\Vfrkii,iV.  A'njt-ta'u»>'.0u  i  A.aiVAtU-lfcjU»*ttn-  — *■■ 


^a>  tfl  1 ,-  A.  .  alfAj.  -  CuSL&QU^ 


J, 
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Tiro  , 
Use)  ! 

tV«Mt 

>  '■  wj»*r  it  >'V»«*»W\W  *■»*«%*  WWf  H  rw 

(psfq) 

■n,n««ww  A  <whi  o-a  *  t< 

Qc,y, 

(g-load) 

itfTtt  irtMn,'  H^nW  MW 

0,000 

tteldAM< 

25 

1 

0,0 

0,036 

1 

Tnuch 

26 

6 

0,0 

0,100 

Pnak  pmsur© 

44 

32 

1.8 

0,106 

Peak  G^v  t  ^ "  1  Ortd 

44 

31 

2.2 

Q.2QG 

i 

Top  of  first  bonne* 

i 

V  I 

a 

1 

0,3 

TABLE  XU 

lilt  Drop  Teat,  D&ta,  3.0  fp$,  0  «•  12.0,  <J>  *•  0.0 
(Tost  NO,  0) 

**•*-*,  «-*  »  *»**«.—***  *  v*--^  M  tu«  l*t  •  «?■»■»«« 

■,MifcMr««m.,m»n.,i  **«<M 

T  Ima 

(SUC) 

Event 

PT 

(pafg) 

*  «**  **■>»» 

P(;  j 

(psfiO  j 

Gc .  9  > 

(f4-i  OAd) 

0.000 

Release 

28 

0 

0.0 

0.031 

Touch 

25 

0 

0,0 

0.184 

First,  peak  trunk 
pressure 

3V 

18 

2.3 

0,220 

Peak  Gc«  -load  and 
second  p^ak  trunk 
pressure 

43 

30 

2.? 

0.235 

Peak  cushion  pressure 

43 

35 

2.5 

0,370 

Top  of  first  bounce 

26 

0 

n.o 
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Fig.  73.  OGE  Dynamic  Responses  of  ACLS 


Fig.  74.  QSE  Dynamic  Responses  of  ACLS,  6  =  12.0 
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TABLE  XX 

OGE  Drop  Test  Data,  8.0  fps,  e  «  0.0,  <p  =  0.0 
(Test  No.  42) 


Time 

(sec) 

Event 

Pt 

(psfg) 

PC 

(psfg) 

Gc.g. 

(g-load) 

0.000 

Release 

32 

0 

0.0 

0.108 

Touch 

32 

2 

0.0 

0.134 

Peak  trunk  pressure 

56 

44 

2.3 

0.144 

Peak  cushion  pressure 

53 

46 

2.7 

0.169 

Peak  Gc  g ^ -load 

50 

40 

3.0 

0.284 

Top  of  first  bounce 

33 

1 

0.0 

TABLE  XXI 

OGE  Drop  Test  Data,  8.0  fps,  0  =  0.0,  <p  =  -7.5 
(Test  No.  43) 


Time 

(sec) 

Event 

Pt 

(psfg) 

PC 

(psfg) 

Gc.g 

(g-loa 

0.000 

Release 

“1 

32  1 

0 

0.0 

0.106 

Touch 

32 

2 

0.0 

0.156 

Peak  trunk  pressure 

56 

40 

2.8 

0.166 

Peak  cushion,  pressure 
and  Gc#g,-load 

55 

42 

: 

3.1 

0.336 

Top  of  first  bounce 

36 

i 

0.2 

141 


TABLE  XXII 

OGE  Drop  Test  Data*  8.Q  fps,  0  *  6.0,  $  »  0.0 
(Test  No,  41) 


Time 

(sec) 

Events 

Pt 

(psfg) 

pc 

(psfg) 

sc.g. 

(g-load) 

0.000 

Release 

32 

0 

0.0 

0.109 

Touch 

32 

4 

0.0 

0.180 

Peak  trunk  pressure 

60 

47 

3.3 

0.184 

Peak  cushion  pressure 
and  Gc>g.-1oad 

60 

48 

3.3 

0.350 

Top  of  first  bounce 

35 

_ i 

0 

0.0 

TABLE  XXIII 

OGE  Drop  Test  Data,  8.0  fps,  6  =  6.0,  <p  =  -7.5 

(Test  No.  39) 


Time 

(sec) 

Event 

PT 

(psfg) 

pC 

(psfg) 

Gc.g. 

(g-load) 

0.000 

Release 

32 

0 

0.0 

0.107 

Touch 

32 

1 

0.0 

0.189 

Peak  trunk  "assure 

58 

35 

3.1 

0.202 

Peak  cushion  pH';.-r. 
and  Gc ,g.-1ot 

55 

i 

43 

3.3 

0.360 

Top  of  first  bounce 

35 

1 

0.2 

128 
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TABLE  XXIV 


OGE  Drop  Test  Data,  8.0  fps,  0 
(Test  No.  33) 


*  12.0,  4>  =  0.0 


Event 

'• 

PT 

(psfg) 

Pc 

(psfg) 

Release 

32 

0 

Touch 

32 

2 

Peak  trunk  pressure 

52 

9 

Peak  Gc>g  -load 

50 

9 

Peak  cushion  pressure 

45 

38 

Top  of  first  bounce 

34 

2 

TABLE  XXV 


OGE  Drop  Test  Data,  8.0  fps,  0  «*  12.0,  <}>  = 

(Test  No.  35) 


Gc.g. 

(g-load) 


Event 

PT 

(psfg) 

PC 

(psfg) 

Release 

32 

0 

Touch 

32 

l 

Peak  trunk  pressure 

48 

4 

Peak  Gc> g-load 

45 

1 

Peak  cushion  pressure 

45 

32 

Top  of  first  bounce 

48 

35 

wc.g. 

(g-load) 


APPENDIX  D 


Static  Test  Procedures  and  Data  Keductlon 


Introduction 

Details  of  load  application,  data  collection,  and  data  reduction 
for  the  vertical  stiffness,  roll  stiffness,  pitch  stiffness,  and  pressure 
footprint  tests  are  explained  In  this  appendix. 

Loading  of  Model  Over  Center  of 
Gravl ty  and  Tenter  of  Pressure 

loads  for  all  the  vertical  load  tests  were  applied  using  the  same 
methods.  Under  39.1  pounds,  load  was  removed  on  the  ACLS  by  lifting  the 
model  by  Its  support  cables  using  an  overhead  hoist.  The  support  cables 
were  attached  to  a  Chatlllons  spring  scale  with  a  range  from  0  to  100 
pounds  In  1-pound  Increments.  As  the  model  was  lifted,  the  scale  measured 
the  lifting  force.  This  lifting  force  was  subtracted  from  the  normal 
weight  of  the  model  to  obtain  the  load  on  the  ACLS  acting  at  the  center 
of  gravity.  Over  39.1  pounds  the  load  was  applied  using  lead  shot  bags, 

18  Inches  long  by  6  Inches  wide,  weighing  approximately  10  pounds  each. 
Twelve  bags  were  used  and  numbered  from  1  to  12.  The  bags  were  weighed 
cumulatively,  In  the  same  order  as  they  were  used  In  the  tests,  on  a 
Toledo  Scale  with  a  range  from  0  to  800  pounds  In  1/2-pound  Increments; 
and  thus  the  loads  are  within  *1/2  pound.  The  lead  shot  bags  were  placed 
over  the  center  of  gravity  or  the  center  of  pressure  of  the  model  as 
shown  in  Fly.  76  to  create  the  desired  additional  load  over  39.1  pounds. 

The  load  on  the  ACLS  was  applied  after  the  design  trunk  pressure 
was  checked  at  a  fan  rotation  of  0600  rpm  in  the  hover  load  on  ACLS  con¬ 
dition,  39.1  pounds.  Load  was  applied  In  Increments  of  10  pounds. 

f  130 

l 


t< 
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At  each  load,  cushion  pressure,  trunk  pressure,  pitch  attitude, 
and  height  of  the  center  of  gravity  above  the  floor  were  measured.  Pres¬ 
sures  were  measured  with  the  same  water  manometers  used  to  measure  initial 
cushion  and  trunk  pressures  ot  the  drop  tests.  Pitch  attitude  was  measured 
using  the  same  procedure  used  for  pitch  determination  of  the  drop  tests  as 
was  explained  in  Appendix  B.  The  center  of  gravity  height  above  the  floor 
was  measured  using  a  19-inch  vernier-equipped  ruler  accurate  to  0.001  Inches. 
Because  of  the  model's  slight  movement  during  measurement  it  was  decided 
to  reduce  the  accuracy  of  the  center  of  gravity  height  measurement  to  the 
nearest  0.1  inches  or  t0.05  inches.  The  measurement  was  made  at  the 
center  of  gravity  marker  on  the  port  side  of  the  model  fuselage.  Thus  the 
»  following  data  were  recorded  at  each  load:  cushion  pressure,  trunk  pres¬ 

sure,  load,  center  of  gravity  height,  pitch  marker  height. 

Cushion  and  trunk  pressure  data  were  recorded  in  inches  of  water 
and  then  converted  to  psfg,  accurate  *0  *0.6  psfg.  It  was  decided  to 
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keep  the  accuracy  of  this  data  to  the  same  level  as  that  of  drop  test 
data. 

The  deflection  of  the  trunk  was  calculated  from  the  measurement 
of  the  center  of  gravity  height  data.  With  zero  load  on  the  ACLS,  there 
was  no  deflection  of  the  trunk,  and  the  height  of  the  center  of  gravity 
above  the  floor  at  this  point  was  considered  the  baseline  or  zero 
reference.  With  Hg  representing  zero  reference  height  and  the  height 
at  each  load,  deflection  D  Is  calculated  as  * 

D  =  H0  ~  Hl  (D-l) 


Roll  Stiffness 

Kor  roll  stiffness,  torque  was  applied  about  the  model's  center  of 
gravity  as  shown  in  Fig.  77.  A  plastic  cup  was  attached  to  parachute  cord 


Fig.  77.  Roll  Torque  Application 


which  In  turn  was  connected  to  the  wing  tip  of  the  model  on  a  line  directly 
starboard  of  the  center  of  gravity  and  7.1  Inches  above  it.  The  cup,  string, 
and  the  lead  weights  used  to  create  the  torque  were  weighed  on  a  Toledo 
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Sc -u  1  «f  with  tt  25-puund  capacity  ami  accurate  to  0.001  pounds,  The  'Ortd* 


used  ranged  from  0.000  to  0.000  panels,  lo  keep  the  load  on  the  AO  US 


at  39  'I  pounds  during  roll  stiffness  tests,  an  approximate  load  equal 


In  magnitude  but  opposite  in  direction  to  the  torque  load  was  applied  at 
tho  cen'.er  of  gravity  of  the  model  as  shown  In  fly.  ?'/,  Lift  load  was 
created  by  tne  overhead  hoist  and  measured  by  a  spring  «ca1e  with  a 


2 5- pound  range. 


The  roll  angle  was  measured  using  the  same  procedure  for  roll 


determination  as  in  the  drop  tests  outlined  In  Appendix  B.  1c  should  be 


ncted  that  the  model  was  pitched  at  2  degrees  during  the  roll  angle 


measurement?;;  avid  thus,  the  height  differences  obtained  for  roll  angle 


calculation  were  not  actually  in  the  roll  plane.  However,  tho  difference 


between  the  correct  height  and  the 


heights  actually  measured  was  neg¬ 


ligible  as  can  be  seen  In  Fig.  78. 


Thus,  the  offset  height  was  mea¬ 


PLANF  OF 
HEIGHT  • 
MEASUR*  'l£NT 


ROLL 

PLANT 


sured  and  used  to  determine  the 


roll  ariyle  to  ±0.05  degrees. 


(  "  TTd"'-/  —  TV^'  _ 


For  every  load  or  torque 


- T  _ 


applied,  the  following  raw  data  were 


collected:  height  of  the  center  of 


Hj 

« - (a 


cos  0  cos(2  )  .999 


gravity  from  the  floor  on  the  port  < - - - 

and  starboard  side  of  the  fuselage,  Angle  Measuran*.  t 


and  the  load  placed  on  the  wing  tip.  From  this  collected  data  the  roll 


angle  was  calculated,  as  was  explained  in  Appendix  8,  and  the  torque  was 
calculated  using  the  following  equation  (see  Fig.  77): 


tr  (In-lb)  =  LR  cosf>(57.5  in)  +  Ln  s1n<A(7.1  in) 


(D-2) 


ss to&sszmmmmmiHww 


from  thin  reduced  data  the  coll  sMffnovs  curve  wa&  developed, 

fim  iUl^ay. 

f 'oi*  pitch  HttffMM.  load  was  applied  At  tlm  tall  ol  the  mtpfal 
creating  p#*U1v$  «n 4  negative  turqua  about  the  eon  Ur  of  gravity  an 
shown  In  Mg,  N,  i h©  torque  load  was  applied  and  n>e<uur-ed  In  exactly 
V?  pound  liKTpwvnu  using  a  tny  k«1o  with  a  Jb-puund  tang®,  V!n> 
loat'  wftf  applied  hft  a  point  61,1  inches  ulcoctly  aft  of  the  center  of 
gravity  and  6,6  Inches  alwv*  It.  for  positive  torque,  the  load  was 
applied  In  a  downward  direction  forcing  the  model  to  pitch  positively, 
for  each  downward  load  applied,  a  lift  torch  equal  to  the  load  wu  placed 
ai  the  model's  canter  of  gravity  using  the  overhead  hoist.  A  similar 
spring  scale  to  that  used  to  create  torque  load  was  used  to  measure  the 

lift  load.  Thus  the  ioad  on  the  ACU  was  kept  at  a  constant  3V  pounds. 

T<  create  negative  torque,  a  stand  supported  the  spring  scale  above  the 
talli  ,md  force  wan  applied  in  the  upward  direction  forcing  the  model  to 
pitch  negatively,  Again,  for  each  lift  torque  load  an  equal  downward 
load  was  applied  over  the  center  of  gravity  in  the  form  of  0.60-pound 

load  shot  bags.  The  bags  we»o  weighed  on  a  Toledo  Company  scale  with  a 

2b-pound  capacity  and  an  accuracy  to  the  nearest  0.001  pound.  Positive 
torque  loads  ranged  from  Q.O  to  6.0  pounds  while  negative  torque  loads 
ranged  from  0,0  to  7.5  pounds,  The  pitch  anglo  was  calculated  from  the 
height  difference  measurements,  as  was  explained  In  Appendix  a  for  the 
drop  tests,  The  model  did  nut  roll  during  these  tests. 

Thus  for  each  load  or  torque  created,  the  following  data  were 
collected:  height  of  the  center  of  gravity  above  the  floor,  pitch  angle 
marker  height  above  the  floor,  and  the  load  applied.  From  this  collected 
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Pig.  79,  Pitch  Torque  Application 


data  the  pitch  angle  was  calculated  to  -r  08  degrees*  and  positive  torque 
was  calculated  to  the  nearest  0.1  foot-pound  using  the  following  aquation 
(see  Fly.  74) ) : 

vp+  (ft-lb)  *  Ip  co*o(^~~  ft)  ♦  tp  sin  ft)  (D-3) 

Negative  torque  accurate  to  the  nearest  0,1  ft-lb  used  tho  following 
equation  (see  Pig.  79): 

xp^  (ft-lb)  --Ip  cos  e  (&J-  ft)  +  Lp  uln  6  (&&  ft)  (0-4) 
The  reduced  data  were  then  used  to  create  a  pitch  stiffness  curve. 
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A  pressure  footprint  was  made  for  each  of  several  loads  on 
the  ACIS  over  the  center  of  gravity.  The  loads  were  applied  as 
was  explained  In  tho?  beginning  of  this  appendix.  Figure  40  of 
Chapter  TV  showed  the  arrangement  of  the  pressure  taps  beneath  the 
ACLS.  Figure  80  shows  the  plastic  tubing  connection  to  the  plate 
taps.  The  metal  connector  forced  the  plastic  tubing  against  the  walls 


Fig.  80.  Pressure  Footprint  Tubing  Installation 
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of  the  hole  In  the  plate  providing  a  tight,  leak-free  fit.  Ten  feet  of 
plastic  tubing  was  led  from  the  metal  connector  of  each  tap  to  the  48 
pressure  ^orts  of  the  Scanl valve  measuring  Instrument. 

The  Scanl valve  measured  all  48  pressure  taps  In  20  seconds.  The 
Scanivalve  measured  these  pressures  with  the  use  of  one  differential 
pressure  transducer,  ±2.5  psl  range,  vented  to  the  atmosphere.  Pressure 
Is  supplied  to  the  transducer  by  means  of  a  rotating  pressure  pickup. 

The  operation  of  the  Scanivalve  Is  shown  schematically  In  Fig.  81.  Pres¬ 
sure  Is  being  constantly  supplied  to  each  port  from  the  plate.  The  pickup 


Fig.  81.  Scanivalve  Operation  Schematic 
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rotates  over  each  port  in  a  sequential  numbering  order,  picking  up  the 
pressure  and  sending  It  to  the  transducer  which  measures  that  pressure 
and  outputs  an  electrical  signal.  Before  a  new  port  pressure  Is  picked 
up,  the  previous  pressure  In  the  rotating  pickup  tube  is  vented.  The 
pressure  taps  on  the  plate  were  numbered  to  correspond  to  the  respective 
pressure  measuring  ports  on  the  Scanivalve.  Pressure  signals  from  the 
transducer  were  sent  to  the  Bell  and  Howell  Datatape  and  Honeywell 
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Visicorder  In  the  same  manner  as  were  the  drop  test  data.  As  the  pressure 
pickup  rotated,  It  sent ‘-out  a  marking  signal  to  the  Visicorder  via  the 
signal  conditioning  unit  on  the  Bell  and  Howell  Datatype.  This  marking 
signal  was  received  on  the  Visicorder  paper  above  the  trace  of  the  48 
ptessures,  and  the  marker  identified  where  each  pressure  was  taken.  The 
Honeywell  Visicorder  was  allowed  to  run  at  2  Inches  per  second  of  paper 
travel  for  30  seconds  at  each  load  in  order  to  record  all  48  pressure  taps. 

The  pressure  transducer  on  the  Scanl valve  was  calibrated  before 
the  series  of  tests  was  run  by  supplying  a  known  air  pressure  to  one  port 
of  the  Scanlvalve  and  recording  the  deflection  caused  by  that  pressure 
on  the  Visicorder  paper.  Air  pressures  of  0,  5,  10,  and  12  Inches  of 
water  were  supplied  to  the  transducer  and  recorded.  The  pressure  was 
measured  with  a  40-inch  Type  W  Merlam  water  manometer.  The  calibration 
factor  used  to  reduce  the  data  from  the  Visicorder  traces  was  21  psfg 
per  <ncb  of  trace  deflection. 

cor  each  load  the  following  raw  data  were  recorded:  pressures  at 
the  48  taps,  cushion  pressure,  trunk  pressure,  and  load  over  the  center 
of  gravity  on  the  ACLS.  The  raw  pressure  data  were  reduced  to  final  form 
In  the  same  manner  as  drop  test  data  discussed  in  Appendix  B  but  using 
the  calibration  factor  obtained  above.  Data  were  accurate  to  ±2  psfg 
as  was  the  calibration  factor.  Footprint  pressures  may  be  1  to  2  psfg 
higher  than  actual  values,  since  pressures  were  recorded  only  on  the  low 
side  (±0.5  psi )  of  the  ±2.5  psi  transducer.  The  cushion  and  trunk  pres¬ 
sure  data  were  recorded  In  Inches  of  water  and  then  converted  to  pounds 
per  square  foot  with  an  accuracy  of  ±0.5  psfg.  These  reduced  data  were 
used  to  obtain  the  pressure  footprints  of  Chapter  IV. 


138 


_  iufoA  -V.v  A  Cl 


w x?n .  ».  *»KK**^v^'4aBwswaMfcmir^TKB*rt'^^  ’ 


APPENDIX  E 

•  -  •'  *  .  /  .  •  ’ 

Braking  Tests—SlmdUtlon,  Procedure,  and  Data  Reduction 

■  •  !  (  ■  '  - 

Introduction 

A  discussion  of  brake  modeling,  the  location  of  brake  blocks, 

details  on  brake  test  procedures,  and  data  reduction  methods  is  contained 

■  *1 . 

In  this  appendix. 


Brake  Modeling 

The  braking  system  of  the  ACLS  was  designed  with  the  Intent  that 
each  brake  pillow  would  have  300  square  inches,  full  scale,  of  surface 
contact  during  braking  (Ref  3:7).  Bell  Aerospace  has  conducted  full-scale 
testing  on  a  two-dimensional  section  of  the  CC-115  proposed  trunk  with  a 
brake  pillow,  and  they  have  measured  the  contact  area  for  an  initial  I6E 
design  trunk  pressure  of  342  psfg.  Although  unpublished,  the  results 
have  revealed  that  a  brake  contact  area  of  254  square  inches,  full  scale, 
per  each  brake  pillow  Is  the  most  to  be  expected.  Attachment  point  and 
surface  contact  dimensions  are  centered  above  and  below  each  other  and 
should  not  change  for,  varying  brake  heights  In  order  to  stay  within  the 
designs  of  the  braking  system.  Therefore,  to  simulate  the  brakes,  wooden 
blocks  were  constructed  at  the  fixed  attachment  point  and  surface  contact 
dimensions  of  Fig.  50  of  Chapter  V  but  with  varying  nominal  heights  of 
2-1/2,  2,  1-1/2,  1,  and  1/2  inches.  Rubber  pads,  approximately  0,1  Inch 
thick  and  of  the  same  surface  contact  dimensions  as  the  blocks, were  glued 
to  the  contact  area  of  the  blocks  In  order  to  simulate  a  coefficient  of 
static  friction  of  0.8  between  the  blocks  and  a  brown  paper  surface  on 
the  testing  platform.  The  heights  of  the  five  sets  of  blocks  Including 
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rubber  pads  were  measured  with  a  19-Inch  vernier-equipped  steel  ruler  and 
found  to  be  as  follows:  2.60,  2.08,  1.56,  1.08,  and  0.57  inches.  The  use 
of  wooden  blocks  was  the  only  method  capable  of  insuring  that  surface  con¬ 
tact  area  and  brake  height  would  remain  at  the  desired  values  during  a  test 

Brake  Block  Locations 

The  tenth-scale  model  trunk  contained  six  locations  where  no  jet 
holes  were  , si  tuated.  These  l  ocations  were  areas  where  brake  pi  Hows 
would  normally  be  attached.  The  locations  of  these  six  areas  with  respect 

to, the  model's  center  of  pressure  on  an  inflated  trunk  is  found  in  Fig.  82. 

•  1  ...  > ' 

The  forward  to  af  ngth  of  each  area  is  3.9  inches.,  Each  wooden  brake 

.  i  *  .  •  ,  .  • .  .  i  • \  ‘  v  •  ..  1  ,  '  .  ' 

block  was  centered  on  this  3.9  inches  of  length  along  the  ground  tangent 
line  of  the  trunk,  as  shown  in  Fig.  82.  Two-way  stick  masking  tape  Was 
placed  on  the  attachmant  surface  of  each  block  to  secure  the  block  to 
the  trunk.  In  addition,  strips  of  masking  tape  were  used  on  the  edges 
of  the  block  and  attached  to  the  trunk  to  keep  the  blocks  as  stationary 
as  possible  with  respect  to  the  trunk  during  a  test. 

Data  Collection  and  Reduction 

One  test  was  run  for  each  brake  height.  Brakes  were  attached  to 
the  trunk  while  It  was  inflated  at  an  06E  trunk  pressure  of  26  psfg 
(4.8  inches  of  water).  This  Is  the  OGE  pressure  for  the  normal  IGE  design 
pressure  of  34  psfg  as  was  explained  In  Chapter  V.  After  brakes  were 
attached,  the  model  was  lowered  onto  the  platform  with  ACLS  and  brakes 
supporting  the  full  weight  of  the  model.  At  that  point  trunk  and  cushion 
pressures  were  measured  on  water  manometers  to  ±0.05  Inches  of  water. 

After  pressure  measurements,  the  model  was  pulled  forward  by  hand  via  a 
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Fig.  82.  Brake  Pillow  Locations  on  Tenth-Scale  Trunk 

141 


BSRBHKWl 


cable  attached  directly  to  the  model's  center  of  gravity  as  shown  In 
Fig.  83.  Attached  to  the  cable  was  a  spring  scale  with  a  0  to  25  pound 
range  In  1/2  pound  Increments.  Force  was  applied  to  the  center  of  gravity 
and  observed  on  the  spring  scale  until  the  first  forward  motion  of  the 
brake  blocks  was  noticed.  The  force  measured  was  the  static  drag  or 
frictional  force  due  to  the  brakes  and  decreased  cushion  support.  During 
the  pull  the  cable  was  kept  as  parallel  as  possible  to  the  floor  of  the 
testing  platform. 


Fig.  83.  Pulling  Model  for  Brake  Drag 


Thus  for  each  test  the  following  raw  data  were  recorded:  brake 
height,  cushion  pressure,  trunk  pressure,  and  frictional  force  on  the 
spring  scale.  Cushion  and  trunk  pressure  readings  in  Inches  of  water 
were  converted  to  pounds  per  square  foot  to  ±0.5  psfg,  Drag  forces  were 
read  directly  from  the  spring  scale  to  the  nearest  0.5  pounds. 

Deceit. -tlon  rates  for  viach  brake  height  were  calculated  from  the 
measured  drag  data.  Assuming  a  constant  forward  velocity  (zero  accelera¬ 
tion)  before  applying  brakes,  the  drag  force  F  felt  by  the  brakes  caused 
deceleration  Ap ;  and 

F  =  MAD  (E-l) 


e, 

i. 

.»-• 

*«. 


;'«’#i,-.*!tW?-*»— i--  ’i.nmmr'  lemsuikvKw^bwn 


where 


or 


F 

M 


-L 

WA 


ge  ■  Aq 


r»»Y"»4t«» —  •<■'*»»>  \fpsvw*** 


W^itvut *v**»  -■***•' v-./nsAI?!  Fft 


(E-2) 


(e-3)  : 


In  terms  of  the  number  of  ge's, 

Ad  *  f  (E-4) 

WA 

In  order  to  obtain  accurate  deceleration  rates,  each  set  of  six 
blocks  was  weighed  and  the  weight  was  added  to  the  initial  39.1  pounds 
weight  of  the  model.  This  net  weight  was  used  to  obtain  the  decelera¬ 
tion  rate  Aq  as  shown  above.  The  net  weight  of  the  model  at  each  brake 
height  was  as  follows  (±0.05  pounds): 
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Brake  Height 
(inches) 


Model  Net  Weight 
(pounds) 


2.60 

2.08 

1.56 

1.08 

0.57 

0.00 
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These  reduced  data  were  used  to  formulate  the  graphs  of  Chapter  V.  I 


